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AM NODI HYDROTHI AZI NE DERI VATI VES AS BACE | NHI Bl TORS
FOR THE TREATMENT OF ALZHEI MER S DI SEASE The

w@e@saste1? nvention is in the field of treatmenPCDiS2009/040589

Al zhei mer' s di sease and ot her di seases and di sorders
i nvol ving anyloid P (AP) peptide, a neurotoxic and
highly 5 aggregatory peptida-segnent of anyloid
precursor protein (APP). Specifically provided are

AMA GBI BRPPERIANE DERITATIIIRAS r&ﬁéﬁﬁﬁ $OR THE
B o e i g

significant effect on plaque-rel ated and
pl ague- dependent pat hol ogi es i n nouse nodel s
suggeghé pngs cnhavergive iy is el field @deetniconst AlnhelRerl salieh® and other

ht result in | term . ficant reductio

fo%?sga%l %W%Srfn ‘ﬁiﬂ‘gg 9‘??&1&45 étg@éfpf?@ s? net“FﬂH%’“‘b?‘g’\h %rlﬁ%g
S0t brG PBtide RemaRest ing 108 pREIL S -protein (APIBUISHEAtidaVly provided
descri bed BACE 1nhibitors are peptidom netic

taFeatpsant indpiters Hf B-sgeietpsgs B-sity pmyiald Rrecus et Bofihejeaying enzyme
PR ek e TP L PRy R TR
wéfcqulaan@lrdlam and phaqagrdepoadontpetidlodiss lmmoesetrh@ﬂsouggestmg
%altl gve%%gl%h gﬁ?f géorqu]s I};Ig? ?evggﬁe%%fggﬁ%tﬂrog%ﬁﬁ% I%Picgr{t%ﬁuctlon n
9,)|luqhe bmdal anarsymapyc dffﬁcl‘ty cﬂlm)pycexndnyg ﬁgn1ﬁ®nsmarfaf>@it1d bemsits.

bor hab b Sate] ARCRIMBI B pRfRh RSBy wgpes
&yevie lcopneing a hgﬂlﬁ):yetlﬁff GroTedyl. (20D ma@edsﬂtmsl compounds are

an not hi azi n s, haye een | bed s BACE
P B PEe By R e ol RER PR At to et S magapility
gfg&e Fenbitdr ﬂiﬂfg earﬁ[/ﬁb(\fste@ aﬂihﬁg ﬁas&fegn m@@g&ﬁﬁ(ﬁryfr%@ l4pgoVi de
treatrrents or petl e- nedl at e ISOF ers,
é’§PtJQOEWBPthéF®1§C“6qS§%%{§% meigenlesy %@@ At 2 YHIPEH .hafﬂrom%v?%lge

REMTORRALE Mell 80 Ret&bEychachRMBink BRIEBIdk Ok LOf, R add'$hepherd,
present invention provides conpounds of Fornula I: 25

Lurigrig@inion ipDryg Riscopery 1k Dé\laelozmefzg]_%@7 769—,’79}]{2(9[)@)” Certain

%ﬂﬂ@ﬂﬁe c%ﬁ{pbﬁ’fﬁ@'hwe sREPadst it el BWCENNGiBIAS B WO 2007/049532.
fluoro, or SB di nyl optionally substituted with one

or t wBASFgski ttQIéﬁla'Safé aethntiangd é}@éqﬁﬁcmqoys e [neqessaty PpIvide

SHUFLR S LGB BN R M ARG

fibweoti@y pradRS niew poyedt agefificacioGlinibitak I@ﬁ/BAGEt ional l'y

substituted with hydroxy; and R4 is hydrogen or G -C3

Ky i, 98, &, PIRLIRS SHALRRL M ASGERIARL G, I ¢ Lher eof

where:
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15 The present invention also provides a nethod of
treating Al zheiner's disease in a patient conprising

W@ewpngwtering to a patient in need of such treRE/OEI09/040589

an effective anount of a conpound of Fornmula I. The
present invention further provides a nethod of
preventing the progression of-20mld cognitive
impairment to Al zheiner's disease in a patient
conprising admnistering to a patient in need of such
treatnment an effective anount of a conpound of Fornul a
l. The present invention further provides a

met hod isdf, Iperéventi ng the progression in a patient at

ri sk for devel oping Al zhei mer's di sease conpri sing
adm n Rétsqunmgjhm}d yrqatyl epttonalty subgduted wihi clidortoroe dltiorendr
an ef paadiny eptimeliniubsdtuad edtrpoe oidwofsulbstirunts aadh.ind@pdivently
pr esemdlectadviami etdoroaflwdo, pndi-deslkexyret hod of i nhi biting
BACE in a patient conprising adm nistering to a

pat i eRt isiancdat @dtante BugRndcneRtdRNd faom efifreahd feoramount
of a conpound of Fornula I. The present

| NvenRi Bmyadogeh @IQW.GE5/1 aptioRbinodibtiiited Whth Bidrbag and
13-secretase nedi ated cl eavage of anyloid precursor

proteRﬁBQﬁm@gasyng(gdm%mlsterlng to a patient in need
of 30 such treatnent an effective anount of a conpound

of FopbiBrhaceutically accdt8b1RELSBAEofl Nvention furt her
provides a nethod Tor the inhibition of production of

AL3 pept hid@nfRiBHibs hRYpRIILN: RERLY BgtréaﬁnQA%&hl%P § dis@hse in a
need of 'such treatnment an effective anount
digIbEATRP BN SRGMINtering to a patient in neqthef smletg@mlem m@ﬁfﬁcnmw
g%ﬁ% utical formnulation conprising
ghé @gﬁggﬁﬂ‘&m‘opﬁ o in conbination with a
phar n&bepreicotinigntiae @e“rhtela}b:rbedcsarmq:tmd ofgir¢vamtmtg, thoprogression of
%gcfvcfe)glg@%% 1mé)a§ment 10, Al e 6:? Eﬁ SC ﬁ‘]f Oéa!?leﬁt co&\éﬁ Qh%g(ﬂmmstermg
itma patiehi iounlemoffsmh tt'daendnt aatffente afiouAt afhelormomﬁd G |F9mauie1

g TR D P 0, T i

ipAtien bt reR f@rl d@@elpmmg/miaarﬂehedw&ee crfm[msm(gmnmuﬁnﬂermfg to a patient in
For or nuf acture. of a nmedicanent for the
s Lo BrenhfoorBR it i Sakouoir S FPIGERE on

f ur t hehe preavi festivh elsé fRvidts @meBOPOLIARibRIhg BXORAha patient
for the nuf acture of a. nedic t for the reventlon
GPmP‘PFén%f:%aPlé@%‘?%tﬁ agptight F‘H“Q%@ﬁ%“f‘? {reatmagyan FﬁgﬁkVe ggount of a
RAb&PSINIRE Femdiisease. The invention also provides the
use of a conmpound of Fornula | for the manufacture of
a nedilbapsint hymtionals previses ¢ sathed fpadEbitingiEsqcriasp medigted
fcg:rﬁwéﬁ of %ﬂgfdﬂﬁ%gisp R c%tnpﬂmgg g&;%gﬁ%nﬁ% ’r[‘OF a?é}ag]élllt% heed of
|Mﬂh&wanMmmﬁﬁmnuﬂﬂmmmuﬁéabmamawnéﬁbnm@aL
Addi t i-pnal | th| pr r.peceut i cal.
for mut B Psisieinbt B S k0o PLAVAEER: B P R Gith  Rbon of
diseptd: compiiting Eldili’ﬁfnesxeriﬁlb tSa paiéetih inesl gisahi teb@Sneat an effective

harna euti cal on adapted for the prevention
GFmPW: ﬁF%@P%@Q g% %#Id cogni tive inpairnent to

Al ZheTh@presentinS@RASE alsd ProSidey Stk hduddas DriRbI@NGC@pRising a
phar maceuyti cal formul ati.on adapted 15for the

ICARP RN job Rorgrulagaipeeombination weith g ﬁ%%r%?e@tlfq%lé apepleBgcarrier,
wﬂygﬁnﬁ@ﬂn@&QV|des a pharmaceutical fornulation
adapt'ed for the inhibition off3-secretase nediated

cl eavage of anyloid precursor protein. The present

i nvention al so provides a pharmaceutical fornulation
adapted for the treatnment of conditions resulting from
excessive | evels of Al3 peptide conprising a conpound
of 20 Fornmula | or a pharnaceutically acceptable salt

t hereof in conmbination with one or nore
pharmaceutical Iy acceptabl e excipients, carriers, or
dlluents [
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25and tert-butyl noieties. "Cl-C4 al kyl
optionally substituted with hydroxy" is a d-C4 al kyl

WQ@Qe@ap34sier ei n one of the hydrogen atons is repCEHUBW09/040589

with a hydroxy noiety. The term "Ci - C3 al koxy"

is a d-C3 al kyl group bonded to an oxygen atom and
refers to nethoxy, ethoxy, pBopoxy, and i So-propoxy.

-4- The term "nitrogen protecting group"” is

taken to nean a noiety that is stable to projected
reaction conditions and yet may be sel ectively renoved
by r eBgdrtmorastisimaotidngroddesdi comporendod ipenldl r wietih therapy,
t

b e PGP ek B OE A MG P L 2ES: B HE bl KRR Y
Iprd@ersabl_u oémﬂ&ecgmtefc gnpa11®®em$ldrwnm dByecafe. Photieahiivealso
%(%E(Pe\%\il{eg sgéiﬁagcnolgl%ﬁgs‘l}/({] %t?‘eo%n?ié h)thedma%%%acja%éf atm?facﬁ%ament for the
"ticmrichi df] iﬁdfheﬁﬁerp;rdmémt iTai ivfentdBfupkg@tpr@ades ke utsakiencdmpound

SRt |6 o Anar e ofg Sederyen Tumha e oiBrhad bY wpdesion of

c’itﬁildrc%’hihf/@ﬂlpaﬁ&&_ﬁtao IA@zlhmmee’fs iR 6dsk.veh@inRhfibn 8o §r0V1des the use of
npound of Fornmula I" is taken to pean the d

&ﬁg@gmmd %Fe%@%hﬁ%thsfmapaﬁaﬁtmeaof P medisamprdor the in ﬁ%ﬂtbﬁntof
BXE St fih@inB& fuythéiProledds @aste bia ¥inRuh®¥erodm@h 1A%3he

peptide in a patient to normal or sub-normal [|evels.
Treaufagturp of pmgedicmpnt for the nhibeipniod prodestin ef APEaptS. or

art eshilBoldis, BILANAESH B0vials d el SRRIGoH A ARILRY for the
15M I d cognitive inmpalrnent h been def i ne as a
potterti IAlpheumrcsrrhﬂeaqsh ﬁsehemlﬁmdeuhenn‘reatlaswomd@t agghavndchutical
%‘Iormu?a‘umne te(alfgrggé re %%8 op tﬂe rloI rry s(%c?}l onmF 0 1%% aﬁ‘ﬂl%nt to
res S ex Bitin dpgogn iRe
|Adzi&lmerrtsrthseas@ Ahiz mﬁlenmn eﬁsodnmdﬁslaq)hmemncaiﬁ‘orn(dWmn ladapted
t al...Arch, ol ., 58, 397-405 (2001); Petersen,
g?rtg‘f%“?%oEr?.fB%ol., 56, 303-308 (1999)). The term
"prevention of the progression of mld cognitive

20i npairtieenbretie pMseahveationprdiigeasharmdeehticdefdrimill@wndapted
arresti ng or. reversing.the rogreSS| on of mild

dorghs whibEionof Biseeraiate mestiargd kv agsrof amploidspisqurion pigtein. The
%?ésérﬁ rﬁvent?cl?l%l%‘ﬁr&\h@ég a%&ﬂnﬁt@&ﬂ%llf&mﬁlﬁ)ﬁ%ﬁ Q&a%te% fBIhtﬁé treatment of

conpounds of Fornul a can exist in tautoneric forns,
a&endiegs e¢selding frofi egmser m)/els V&P peptide r:@tﬁmsem:aecompourm of
%Pnlnllol% ?:8 | pq?}rgacglﬂ?cla iy ilcce qabslé9 ga‘ft tflerg%ftn‘? gotn%omrgartl% w1th éan? Qr More
Zuﬁmoemmaeﬂlsr docdphabteaitipivets) carriecbsr osdidrdtsal | m xt ur es
thereof RBR4A SS NL C HBN HZNN H H

o R%hg ge%leqr%l 2hepnical terms used in the formulae above have their usual meanings.
For example, the term “C,-Cs alkyl” refers to methyl, ethyl, propyl, and isopropyl. The
term “Cy-Cy4 alkyl” refers to methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
and tert-butyl moieties.

“C1-C4 alkyl optionally substituted with hydroxy” is a C;-C, alkyl group wherein
one of the hydrogen atoms is replaced with a hydroxy moiety.

The term “C;-Cs alkoxy” is a C;-Cs alkyl group bonded to an oxygen atom and

refers to methoxy, ethoxy, propoxy, and iso-propoxy.
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- 5- The skilled artisan will appreciate that
conpounds of Fornmula | are conprised of a core that

W@omwas4es7 at | east one chiral center: R3 | sN EBHBU$200/040589

)n Figure (2) 5Although the present invention
contenplates all individual enantionmers, as well as

m xtures of the enantioners @4f said conpounds

i ncludi ng racemates, the conpounds with the absolute
configuration at the atomlabeled 1 as illustrated in
Figure (2) are preferred conmpounds of Formula |I. CH32
( R ) hhd@Fn JuitregehPyotecting gromp’ ishiaken tannean aappiriyphat &t sedbje to

DHRRALE IR bR FORATAS) W A0Sy ARROL Prepsonpsana

Freagtioreconitipnsacoenpptildé eith dlek regempated dsiref Skdr gral@ ake well known
Addi t ] I 1y, the skilled.artisan w /| appreci at hat
FdkEREe i bl bt RN Soe EREGRRATHRLV R
Feopaiva @sogk it Oegani\Geathksad) Thiyd Eliieos elhaptet Qriolaf Wiey dml Svns
\iari 3?4 Es. The present invention contenplates all

et (V7 ddral enantiomers or di astereoners, as well as

m Xt UTEStefh “hiBitRAINpIANRIE oRAH pahtAR L RIARHRS S deSRhdng of
conpounds including racemates. The skilled

ar viva lgrelnb] AP agpside spppatientde somgh if qxgessive, or sub-normal levels, as
g%lﬁﬂé({l ngol d-Prelog (R) or (S) designations for all

chiral centers will vary dependi ng upon the

subst iThetermo feffratiteeanmeinodf a0 nmiphendod Foimguld Bris Gderpounen the
-Ellasee ordf Is %f g cr:loa}lrrlltolugcrl'ro‘:'\tlr lfq,r]r%lrﬂl%qlrg %tll‘g(i '[%01%%1“? B%%bsplﬁiciently to
prepare eginning w chiral reagents or by
st@eB0 el ackialeofXp pdpadendspadedtten@ial dietibh-ormal levels.

technigues. Alternatively,. th ingl e enanti oners or,

di ast Eﬁ%@%rge%?ﬁ bia akeB ILipglbTa SRS g tﬁwrogr@won of
stcandtasdn e phficat. chronmat ographic or crystallization
techni ques at any convenient point in the synthesis of

conpolHisostitiyhETPREReHtROren SpingH es & Retptisbofwmghphase of
UeASRILOURIA vHfh QNG MscRle a0l InVRRREI AR A Ronng on

preferred enbodi nent of the invention. The conpounds
Grogréeiop perpdiants yividiing Bid epeaittiriimeairmeghty Adekcomel yigmpntia
r of,. e i L a
gglélﬁgn%&ipné,aé?}ﬂ# dreR NUFREES 8Dy 469@2%?%?%@}3%, %f A3

orm phar maceutical’l'y acc
Adia.i n 38HPOS(19Phar Rwaennt Treaichyjonad tlegtredibseios af tmeld gpghitive

. t £.ar . i.na: e :
PR AR iRl BRRRRS pin AN M s
Phagreaysioe of mddtogBaive smpdmopetotAlesimSal dchiean a gatibnt)s e,

(Vv W | .ey-.V 2002): S, Berge, .et.al. .

! Prar iSSP Ghieciiyl by gBEfimdt it Ryl capistin
Sait@ng e Sorméphs. depited NoFigise (Dariizgnyandt Gk&érce ilPrhed spplietion to one

\%-? / @ﬁ%}e }c:)‘[élﬁ?lla%:% 8? t%%% rtngotl)lln S ostatjortrr?ula?f i% ggvlgr?,site 1s ]:Jgéerrrsﬁodod to
encompass both tautomeric forms and all mixtures therecof.

3 4

R R R R
1 - I
1 1
R - R P
N™ ONH, = N~ SNH
CH, H
CH,
(R*),, (R )n

Figure (1)



acid. Although all of the conpounds of Formula | are
useful inhibitors of BACE, certain classes of

w@omwpasHets are preferred. The foll owi ng paragrB@iEs2009/040589
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descri be such preferred classes: 15a) Rl is
pyrimdinyl; b) RL is pyrazinyl optionally substituted
with fluoro; ¢c) RL is pyridis#syl optionally substituted
one or two times at each instance independently
sel ected fromchloro, fluoro, or nmethoxy; d) Rl is
pyridinyl optionally substituted with fluoro or
met hoXhe skiited)artiran gl gppraciitathst coppowdabf Korgwlad tare agpdised of
i X f)nR2 s fluoro; g0 R2 is chloro;
}%c%% t{listl(l,gl;{tglhs at leastI Sne I%:hlché clif;ﬁerzsj )y nis 2 k) R3is
titgted with hydroxy; m
substituted with

hydrogen; 1) R3 is nethyl su
R3 is nethyl; n) R3 is isoprop

hydroxy; 300) R4 is hydrogen; p) is methyl; -7- Q)
The conpound of Forpgul a I haQ‘an bsol ut e
configuration of (S T ChitN ter adjacent to

2

the nitrogen of the am aZHpe ring; r) The

conpound of Formula | is&KTree base; S)
The conpound of Formula | (RS )a pharmaceutical |y
acceptable salt; 5t) The conpound of Fornula | is the

hydrochl oride salt. u) Th&igoeapund of Formula | is

t di.hydrochl ori de salt. referr enmbodi ment

eHE B OHEREPh Bertoa el T R RIS B Povlita
mixtures of the enantiomers of said compounds including racemates, the compounds with
the absolute configuration at the atom labeled 1 as illustrated in Figure (2) are preferred

compounds of Formula 1.

Figure (3)

Further, when appropriately substituted, the compounds with the absolute

configuration of the atom labeled 2, as illustrated in Figure (3), are preferred compounds
of Formula I.

Additionally, the skilled artisan will appreciate that additional chiral centers may
be created in the compounds of the invention by the selection of certain variables. The
present invention contemplates all individual enantiomers or diastereomers, as well as
mixtures of the enantiomers and diastercomers of said compounds including racemates.

The skilled artisan will also appreciate that the Cahn-Ingold-Prelog (R) or (S)
designations for all chiral centers will vary depending upon the substitution patterns of
the particular compound. The single enantiomers or diastereomers may be prepared
beginning with chiral reagents or by stereoselective or stereospecific synthetic techniques.

Alternatively, the single enantiomers or diastercomers may be isolated from mixtures by



I, where RL is pyrimdinyl, pyridinyl optionally
substituted one or two tinmes at each instance
w0 pepawdent |y sel ected fromchloro, fluoro, oPCT/US2009/040589

met hoxy, or pyrazinyl optionally 10substituted with

fluoro; R2 is chloro or fluoro; R3 is hydrogen,

met hyl , methyl substituted we6th hydroxy, or iso-propyl

substituted with hydroxy; R4 is hydrogen or nmethyl;

and nis 0, 1 or 2; or a pharmaceutically acceptable

salt thereof In said enbodinent, it is preferred that

tshedab slotaliclromamngiaphic at drpvtallpfativintsclohduea bt ang gbeyenient point in
n t ey [

248 SR PG b SO e Blone S RS MR B of

ToApadeof tpe afvertioe dream@ﬁrrereﬂnbocdfmmn ef qhe esention.

o py PRy TE e RRRRE R R e E ol i i
@ny bf/mnttl’]il]:ﬁfESf 1a<brgﬁﬁc Ind grgdndnaels It@ﬂﬁl}ﬂ@)ﬂ’tﬁiﬁtﬁt@jﬂcﬂ@l aecdpedble acid

fr fl uoro, or neth razi )

ST Mames i s R S apocorhi Beiiatosny fagproparing

ftllldﬁDir@ weR&ndwen immdf ﬁgeszze J@tthydtahl réﬁ&zhybn@ubmﬁnhum&euncaz
ydr oxy, i So- substituted with

Fsg}tq sP’HIQ?ﬁZ@Yg éﬁlectgﬁ 6mql] (%QHA/\YHE% V§H &p02); S.M. %erge etal.,

PPRIAREQHE Salkdl ’Wo@%ﬁ?‘%%ac%@z‘chal shereot ol 6. d, January
enbodinent, it is erred that the absol ute

d8nti yeiered etrrﬂarcetﬂrréﬂt AeceRirble e are thef dereiet Wit hyrechloric
Rkyrogen of the am nothiazine ring is (S); or a
phar maceutical ly acceptable salt thereof A nore

pr ef eAltbenghp ofivsampeinds plel qsmalked ate usefubinhibiiers oEBALEs
L R T LT
Z@é@vﬁrmﬁsﬁance |ndependently sel ected fromchloro or
fluor | optionally substituted with
quorgylgé ﬁ% é?ggo or fluoro; R3 is hydrogen,

met hyb) RR4s pysadinyd Dptgma],ly ametitnted /ith fludroor 2; or a
glr]rgz) e tsllg:yarider/I 10n é/r%y(‘gsglt t%%%net%?w%gmgq ag[teaéc% instance
confuguﬁampammmhukhewdhbmamkﬁ@ﬁheﬁLaﬂpah@@t to the

nitro of t am not ing.s (S);. . or a
har nCde iy G payBanpudsd 48 At B ¢ her
enbodiy®itis @frididyeofioasieniubitivedtvitoAuse] ates to
conp05nd§ of Formula | where Rl is pyrrntdrnyl

pyri dPnyl 1oP¥9®nal |y substituted with fluoro or
met hoxy R’GJ chdthazi nyl optionally substituted with
fluoro; R2 is fluoro; R3 is hydrogen or nethyl; R4 is
-8- hjtmdy8n: and nis 1 or 2; or a phar maceut i cal |y
acceptahligrsalt thereof In sai d enbodi nent, it is
preferred that the absolute configuration of t he
chiral) @dhfer adjacent to the nitrogen of the
am no g is (S); or a pharnmaceutically
accep%ggfgégglégghereof 5A nost preferred enbodi nent
of thdé ﬁ&esmﬁmyhmbemnwbwﬁhhyéw¥$ to conpounds of

For mul ; 21# %g Rl - is pyrimdinyl, pyridinyl
opt i onal y substituted wth fluoro, or pyrazinyl
opt| onanlR’ ys soyertyl tubtsewltedivtith bytwey,o; R2 is fluoro; R3
IS hyd %a)nethyl R4 is hydrogen; and nis 1 or
2; or a phar ut|cally acceptabl e salt thereof In
sai d gntRddi methyl; it is preferred that the absol ute
configuration of the chiral center adjacent to 10t he
nitrogen of the amnothiazine ring is (S), or a
pharmaceutically acceptable salt thereof An
especially preferred enbodi nent of the present
invention relates to conpounds of Formula | where Rl
is pyrimdinyl; R2is fluoro; R3 is hydrogen; R4 is
hydrogen; and n is 2; or a pharnaceutically acceptable
salt thereof In said enbodinent, it is preferred
15that t he absolute conflguratlon of the chlral center

- N a o a1 L,
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F, or a pharmaceutically acceptable salt thereof
20Anot her especially preferred enbodi nent of the

WEe@sasmo1T nvention rel ating to conpounds of FoP@TIUS2009/040589

is ; or a pharmaceutically acceptable salt thereof The
conmpounds of Fornula | are inhibitors of BACE. Thus,

the present invention also pi7ovi des a net hod of
inhibiting BACE in a patient that conprises

adm nistering to a 25 patient in need of said

treatment a BACE-inhibiting anount of a conpound of

For nutia Tlhe com@eunfl iof Fermpuitadfhas preabsplngtconfigirgmmio () at te bliral
treated 1 R ' of i he. C. nds of

For mul a C?%Féﬁﬁaﬁ%g@ it EMO%AA%Q lllen%?%lgtﬁ lg%gg.gl?g’ BACE, the
conpoundsde odbmpdvad pf Esrenla liiny ént basey are useful for

suppressing the producti of . Al3 ide, and
©her of bridePPeid PPl 2B eBRahy E6ep B etk ng
from exds sonmpouAd 3f peptuiadds the hediscidorédetsolt.
over - producti on and/ or duced..cl earance of Al3
oopt i B MRS smP et kil s e 8 AERRORRSeBn: " avent i on
is t PQ paserraf ?‘rﬂoo@ﬁﬁ%ﬂpbﬂ‘tﬁe plfese;ﬁﬁfnﬁréﬁti@n kqlzfté%f tofcg@pounds of Formula
nanu ac;,ure .of _a_neal canent or treatl ng a di sease or
dotifi't R ot Pramilvg REFidigel dgonay ERrE R Yronp PR ahgach
liuHnBE fni&an@dntl BAGEeted RSN 6IRROMAS, oR ncfOk b ByrhziAY®ptionally
therefore believed to be useful, in treating or )
prstiBRd wigh AupraiRe ieshiere osflyredydehydiogen. el mpthl substituted
IWTRa top i ' -0 By i . -
o i RO RAAEIC0 N DYERORE ot mg%?;f Abibyl;andn
del eb:ar 2 ahyymescytieatiyiaesatahlp salothhspf. de gaidemaediment, it is
?éf@r?gd' tRR t&%%gbl@é o IEﬁ)lll 88tho Ehilrﬂ %(e%ger X@%&H{ lﬁrthealﬂgogen of the
egener ative ori gl n, enentl a assocl ated wt
Remiditisane tgds €awe, phadmmeatticalyassaptdbit el therdo

progr hve cl i oCi

Cor ¢ Apu SHRGAME R B oo HEIF AR 2506 Bl Bl or
tFppeulof wAbz Reismrinsdioylsmaisleny] optionallyTubstitweheerd swofimes at

t he .present. i nvention be, prepared by a variety. o
BB E b O T S BB ol et
iopticiatly aibedtuicd withefluSeh ®rishived omluokd; Riid HydBgen, methyl, methyl

recagni zed by one aof skill in e.art that_f.h . :
SHEROREh BaBe ord o REH v BU GRS Ry Pitosen: and n s
\oar bed of @ pparavédacdlifecaprprUtdherbf. Aaki kabbdimEReit is
particu] ar order of steps 20 required to produce the

@%Eﬁgﬁ]&% therabgelytagpnfigpragign a@ﬁ%ﬁa@h@enﬂaﬁa agegpto the nitrogen of the

R oG AR rirfeQIOUNG PR8I ARSI A salt iR r&Farti ng
compound, and the relative lability of the substituted

moi et PBOTC PFECTiSA sEbedigepitof diggriesshidpynion istates dhesppgunds of
@%hﬁw}h ERRPR! 'iselﬁfﬁﬁﬁ([iﬁﬂ, @Midﬁ&pyﬁﬁhﬁlmbstﬂﬁédq%%r two times at

i ncl udi ng_extraction,” evaporation, "precipitation,
erthonsitnsg indepapdertly|seleeted Gom chlora erfhproppr Pysgrenyl optionally

[ [ 0N .2 ' a3 j ng € .

B R R B B e e TR o By A8

baén isel, il wi Aatradhamapéigicslbl dcospitably sit et Moridicmbodiateat, it is
r r . . .

o S SO P P S o

iagdimetrigzineaimaris (S)rmwhamacditmdtﬁcemmﬁsamr@é _

SePa 8 e BB S0 R B MRS ¥t

athieritiopyrapiiny|, 3ot bterally yubstithed iwitheluordirategi®xy, or

eyt she P B HhE T b S B R Ok

group may be the sane or -10-
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different in each occurance dependi ng on the
particul ar reaction conditions and the particul ar

W@ e@psswiTati ons to be perforned. The protect i BET/HSZH09/040589

deprotection conditions are well known to the skilled

artisan and are described in the literature. See.

e.g., Geene and Wits, Protegtive G oups in Oganic

Synt hesi s, supra. 5In the schenes bel ow, all

substituents, unless otherw se indicated, are

previously defined. As will be appreciated, conpounds

dfy dogemyadaeis (1l caR; ¢rar plhbeacetRylly zoaehtdtd) saidlreréyd. fresadi | y
B}%B@Fﬂ%gthg é@ &Eﬁ%{}gcgt%aatﬁtfl@éblsﬁ%ﬁ lfg?%“%@?ﬁgg% leﬁ% center adjacent to

plnecme(ugwn ©§ the iamiir cétriain® ringos 6 ) tesphhip@deutiez]bi avcepldbée salt
QU|S|te starting materials are either commercially

able or may be prepared fromcomercially
10av aiAl radk prefemice embbdimbiyt offeticpodentidlehtidanelares toocontpeunds of

ille $ ... R B(! 2 oR
Epey 3 hert R Shvrigioh . iy S, sopsibau Bl Bpderron
(pR&Yinyl opﬁﬁﬁlﬂlméulbstldﬁﬁll \Qi}:}ﬁﬂlidﬂ@ lfe%ﬁﬂﬁdr@er%ﬁ hﬁlﬂogen or methyl R* is
appropriate conmpound of any of fornulae

@v)o Robiih B ST PO H%l?f%@léﬁalbf w%%hl%ﬁlhél?%% Tedich as
3EBbYinen DR MZIWesrePthatthe Qidblﬁ?é)é@ﬁﬁ@@:ﬁ%h of Welchir@@enter adjacent to
appropriate compound of formula (2) or formula (3) to
dhesbtreges ohths aminodriagms g in(Y), Apparmapatigdlrase@tdiconlt of
theedent er medi ate (4). A compound of any of
fornmul ae (Ia? to (le) is reacted wth a conpound of
f or nuia cfmyiallnpegfegigd arpodimap|of Hig presartinvsptiansielatys & compounds

dj
B LR DR RS TRRERAT 2 SRR, 5 hyqrogepi ! i hvdrogen: and n
pfal load phﬂmlta@dutl@ﬂllimtcrepphlemylt hhespHin ﬁed eRyEli@entoit is preferred
l.e

%t h?% W&é éénf%&g 1§Jﬁm§f Ctléé %mlah(fe Rt S@%!&ﬁt 0 Ae Iﬁtr%b%ﬁﬁ’l
pnmaslaamum ogribadra. phsmaheutnedb/t dcoapsabdr saalt dmremf ed out in
vt or Bt RETU e e BIEY PP IR S R sl
dbmpamds oFormultius es t her eof Alternatlvely, a
conpognd of any of formulae (la) to (1le) is reacted

compound of” g mula (3) in a Stille coupling
rea using a SU|tabIe pal I adi um reagent, such as
bi sN \ hos |, adi un(11) chloride, PdC12,

or pall adi -tcﬂklstrlphenylphosphlne in the
presence_en a=su tabl e additive, such as |ithium
chl ori d€ 100r ce&§ium fl uor icdephﬁmhemeﬂ@taicmbwselt thereof.

carri [ sui .t abl e sol vent, such as tal uene or
DIVF, gu“ WB‘?“@@YPFF&F%@ fembodiment Gf'the presga IBYFQPO%‘Eegaﬁng ®
Rbapsmasut Fe@llay iaccept abl e salt of a conpound of
Forrmula | can be forned by reacting an appropriate

fregzbase of For with an appropriate
pha nac utlcally acceptable acid in a suitabl e sol vent

F F ; or a pharmaceutically acceptable salt thereof.

The compounds of Formula I are inhibitors of BACE. Thus, the present invention
also provides a method of inhibiting BACE in a patient that comprises administering to a

patient in need of said treatment a BACE-inhibiting amount of a compound of Formula 1.
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15Addi tional ly, the formation of such salts can occur
si mul t aneousl y upon deprotection of a nitrogen

w@e@vasteihg group. The formation of such sal t SPCBHUSZNY/040589

known and appreciated in the art. Conpounds of
formula (la) can be prepared by two variants. Schenes
Il and 11l depict the synthebic steps starting wth an
appropriate conpound of fornula (i) to give a 20
conmpound of formula (la) in which R6 is nethyl or
ethyl and R5 is a suitable nitrogen protecting group,
due hrefgred ¢let thie patmn odyeltreatod by thewtloxystiatitroefithe caBrtvends of
I - 12 In Schenme 11, a conpound of fornmula
(F:OSm‘f%?lrsé%c %d with 2-methyl - propane-2- sulfinic acid
am de As mhithersprf @6 ¢heafompd (kD) the presant swviettalnlaee useful for
sol vent, such as THF, to.give C und of fornul a
PSS UB RGP e PR Iop s Rp gt diorders
a6lditig fdmBRkdssive AgI Eﬁmn&%l RE NS ct-Produdiieh aadbEreduced
sol vent, such as THF. The appropriate acetate

Stearsperich i reptididd el fuirhel amodinispt eftherigsentinggntion is the use of a

i : b : o
SR AL SRS PRSR Ay EERRIS, Sl PR
(condifjort @pgilvel beingompouetiorgfrevieotedrby ah{tiition. of BACE. The
By e AR PR G RY reltu TR B
tAlghe@sdrardidease] héd abgnatve limpirniat, Maeks:” @ indrokieoMereiitary Gerebral

t or examl e.hy. t se lithium al.um num
Hrrorteesrty Spw it 6E8e DRt b Ha Gy, pther
id%geﬁiéldﬁze d&ﬁh{_ AN sutst &ﬁ@%@nﬁx?ﬂh@cﬂlaﬁﬂaﬁd H%éheﬁﬁtﬁ/e origin,
conpound Is treated wt| t acllitate bot )
R RS or BreARyihdiridmgn s dretrad d%H]remﬂ%"’éS%é%%‘Wh yrgatyive

afistatRAr FulsyUddnatif aRbdidtQDQIMidA Bds@Clebd@ra@ib® WRd tFfuscidas,
to give a compound of the forrmula (la). Scheme 111

Soty org of Alzhqpyr’s diggasry  NH SAN H2 CIH 1 1.) H+ 2.)
Protection 3.) Chiral Resolution

The compounds of the present invention may be prepared by a variety of
procedures known in the art, some of which are illustrated in the Schemes below. It will
be recognized by one of skill in the art that the individual steps in the following schemes
may be varied to provide the compounds of Formula I. The particular order of steps
required to produce the compounds of Formula I is dependent upon the particular
compound being synthesized, the starting compound, and the relative lability of the
substituted moiecties. The products of each step in the schemes below can be recovered by
conventional methods, including extraction, evaporation, precipitation, chromatography,
filtration, trituration, and crystallization.

Certain stereochemical centers have been left unspecified and certain substituents
have been eliminated in the following schemes for the sake of clarity and are not intended
to limit the teaching of the schemes in any way. Furthermore, individual isomers,
enantiomers, or diastercomers may be separated at any convenient point in the synthesis
of compounds of Formula I by methods such as chiral chromatography.

Additionally, the intermediates described in the following schemes contain a

number of nitrogen protecting groups. The variable protecting group may be the same or
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N.RS (R2), (1la) In Scheme 111, an excess of
vi nyl magnesi um brom de is added to a conpound of

WO oosaB17i) in a suitable solvent, such as THECT/US2009/040589

gi ve a conmpound of formula (vi). The alcohol (vi) is
treated with thionyl chloride or PBr3 in a suitable
sol vent, such as hexane or et@anol, followed by the
addition of thiourea to give a conmpound of formula
(vii). The 20 conpound of formula (vii) is treated
with acid at an el evated tenperature to provide the
rdefeaent o1 anh pouhineezdependnig @ithé parpeuddraeicaeh wintlitioss and the

i ni t i g d . ..
SR SRR B S 18 BRI d fpopegion conditons
peerwéll lomtvinonthe okidled arosem,and achlegsibedinrtia litelatuoareee.gr apbingene
or stallization, .t i vV compound of formnul a
A ey i GRITRIE e synt heti c
st epsIisthasdhcings biildw) ad Buldffuiempninds €otba@miyo tmticaodd, 4ro presdoasly

e b G B R RORe et ebindisbbe (19, G5 Pom o

Qéadﬁy mﬁmewd_ Ejﬁm@ﬂmﬁﬁ%ﬁﬁk@vﬁﬂﬁkﬁow}n&n? cSthbil{sRdal i t}ﬁ:ChlrtdyﬁlBhdi_ng
SucC as | C or onmet hane. e resultin INnternediate Is
methods andpreesdures ymles 9 ihase deseribediheteing fhe deuisits glptriags |

ShbEdiaBSardldid¥AimdrSall) K@ildl CQRBURGr&ard Fromdonrhatkihily -

The amine (viii) 10is reacted with benzoyl
is¥gtehicdparitithy methods sl kapyptodhs skilipd artsgh as THFE, to
gi ve a conpound of forrmula (ix). Treatnment of a
conpound of formula (ix) with an excess of iodine in a
e solvent, such as dichloronethane, will give a
compound of formula (x),1Finally, addition of
tri-n-butyl tisn hydride ants@HBN i n a suitable sgl vent,
such as tokygene, will givegza conpound of foriyg (1b).
15 Schenme A"l Reducti on Schenme V depscts

stgps to LR a conpoy ‘/la\aw(%;:)

S o WiINTh ~arn appr opr i &tEBwonpound
X ig bebmo or hloro. _R5 i@ a suitable rogen
pr ot ecty group. R6 ispgeLhvd or ethyl ™ gaagpgund (Xxi)
is pr ep%\s?)gd“ b)y reacti ngP et ey
-(1e

Scheme I depicts the reaction of an appropriate compound of any of formulae (1a)
to (1e), where R’ is a nitrogen protecting group, such as acetyl, benzoyl, or -
butoxycarbonyl, with an appropriate compound of formula (2) or formula (3) to give a
compound of Formula I after the deprotection of the intermediate (4).

A compound of any of formulae (1a) to (1e) is reacted with a compound of

formula (2) in a Suzuki coupling reaction using a suitable palladium reagent, such as
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5 N, O-dinmet hyl hydroxyl am ne with an excess of butyl
[ithiumin a suitable solvent, such as THF. A conpound

wW@RooPos4sut a (iv) is added to a solution of thePCOORIONGCH0589

(xi) to give a compound of fornmula (xii). An excess of
t he appropriate magnesiumhalide (xiii) is added to a
solution of a compound of ferrula (xii) in a suitable
sol vent, such as THF. The resulting ketone (xiv) is
reduced to the al cohol (xv) by conditions well known
and 10appreciate in the art, for exanple by sodi um
b@ﬂﬁh&ﬂwkﬁemhnnaﬂahmnﬁbKbbé¢$véﬁﬂhmswuﬁdﬁémnEYhhwpmne

h t.hj
At AR e RS PR LERL WP XA
garbundta bddum mnbo:gmw oppcmaselonai qag)ogm u&qhseaadde cird c@rrgidvogt in a
th S \
glgal%g)sgi{/erﬁt sugh A Ee tdllnégﬂélj?xgﬁtglar%e) water 8t%anol aﬁﬁt8n1?rgene
mgﬁﬁmﬁﬂnmédMeamdmam&pmp@undaﬂhmé@Tnula (1e), starting

re' A dBRER S FIGER bl U  e

CoMpaLddf efrmbarALiha Stiny b(bLﬂ)hhg,Sre@étﬁ)ﬁalElﬁg a Byitablerpatladium reagent,
reactin ri phenyl

ng ( ni ym brom de and
U yrs%rlp%qﬁlmﬁ?%)hﬂle&ag%ﬂw @D éh@Bg"’v EAth: wprlpdgen THE. To
ttéifa§1s§fbhéﬂyllﬁmsphﬁleciﬁ"m@p%%n&f offaQuitA Badddivb, )sublSasaRBIGR chloride
owly, for instance by an addition funnel or s q
;99 ﬁ‘?ﬁlunAﬂ%%o VR TeACtipRSYAILIF A IqAQHT 1 3 Suitablppedysat sbe % tqlpgae or
asidi tdr QixtBfes Bk gl yoxal ate and ytterbi um
trifluoromet hanesul fonate to a conpound of 10fornul a
(xvi i Jn anrppgoral bep sl rhaecqusiselly asgertablgssal oée eprnpqungl ef Formula
SEPOIRHARIR ol AOEW! Apfob i 55 SRCTPPLARAH Bl i
frbermabautitadlyi acéeptabls acrdan s Fatabisdotventamfeatandayd gemlitpns.f or
Hg)hgl ap the rf&‘?ﬁahbl? 0¢ s\{Y'cﬁ pclltg [ #nf Acg‘l?lr s?ﬂm{ag%gﬁrlﬁlp&? Hér??ot&(filog ofa
nce of an appropriate am ne
lmasggn pnotﬁhtn@grﬁulﬁ "thﬂtfomhanen off sudh $adte prvaghyiinetvh yhd appravéted in
in a sui tabl e 15sol vent such as nethyl ene chloride. An
&%®%%s of thiourea is added and then the resul ting
I nt er @ethpainds bBfoande dlay candre pespard by Gfo sarahtsr Scheawk d.and I11

e e A B R e Glpp R Bt g B SR UE e sy 2

gbﬁp@mby)f formha (MBEMRERI REId mdng\wn etﬁﬂldlnd RS @ sl@agblé Ritrb i@
art to give a conpound of fornula ( The reaction
BFOSFUIRg B9y RYCTHS ariwhmnéoxlx%f be'aoeméboealr ried out in
tQMenyAi ants to yield either a conpound of formula
(1d) or a conpound of fornmula (1le). A conpound
of (1d) can be prepared by the reduction of the<gster
of conpoynd 5(&&3 by nethqgs wePto)kiToywn or descrgbed

i npth f ofS-gxanpl e, Ganlexcess of Ilkylunﬁ) wH @
bor o rlde—+n—a—§ﬁht§ 5 vent,ogﬁtﬂ as f%g:;l)\/loRe
A conpourg of T(bm), can r epared—by—reaetin ®)

conpotdhd of fornula (xx) (M Fhan excess of (iv)
nmet hyl magnesi um chloride in a suitable sol vent gch
as THF. Preparations and Exanples 10The follo
preparations and exanples further illustrate Thé eduction
i nventi on. The nanes for the conpounds f the
present invention are prOV|j§dSby aw Utra, OH
version 10.0. The abbrg hereln are FA
defi ned according to AI Aqgaﬁ Actyay. Vol .

) Protection
(1a
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17, No. 1, 1984. O her abbreviations are defined as
follows: "SCX'" is strong cation l1lb5exchange; "ca." is

WwW@Rwat3wn7 appr oxi mately; "Et0Ac" is ethyl acetBECBEUS2009/040589

"MeOH' is nethanol; "DCM is dichloronethane; "THF" is
tetrahydrofuran; "Et20" is diethyl ether; "(OEO" is
et hoxi de; "equiy" is equival-ents; "FRET" is
fl uorescence resonance energy transfer; "RFU' is
relative fluorescence unit; ; "DVEM is Dul becco's
l\/bdi fied Eagle's Medium "F12" is Hamls F12 medi um

" FBS" I SchEmt &l 2 Bowpowed Seformul2 (Thaecard svitipentthplrpopape-2-

Q%}’ ﬁ/é aw)%b %ﬁ&i in Ql%fjégstargc% ]_o?tl"kt%wr iy suiltgt?lg %’oltl .nE ggﬁh\lﬁaﬁﬁ‘Hgf to agive

taeomeowidwf eﬁormﬁla&ﬁ) Q\ ¢dmpdd Gf farrhinla &iif Is pveprzt by eddidg #-BuLi

TP RS hReR Sk Thet R Ti0r. S hOeRet pdfedTy

abmpOAciPdRed tulodedbymamdiicess oﬁuﬂbmdtanmmhneblﬁcpcrxﬁ&p rAay

i oni zat.i 100-800 (o [ an
P A b Foriigiag i s pafe s 86 S e G iegmpund O £t g i) eive o
COMPOUHI GBS fcﬁ!ﬁlﬁlamiifl).i flheedi:pwt@nbi%ﬁhe #Binb qsd:aﬁled&ﬂw@ahods

at a lent t enper

RP18 (30 x %i) cgl unm ﬁ? ?
én?%wth%ﬂwéa@fls e Pﬁ(ﬂle reFygHQm qfﬁffeoq%teggpst{l% qho 'awmethods
GRNKInSH S irthe &M fblsé%ﬁih tie e b?f‘ﬂnuﬁf al@nih@R hydride or lithium
&)acetonltrlle 1 in H20)) for 1-5 m nutes

erohyiis: By the 41%11@13@ @@é%ﬁdéﬁlezow ispthiocyrnete( Abetsamnedist
coﬂl o&d% t'r'g;@ed'\’!;lthﬂz@l)t)) fa{cgltgtg BGh ﬁg%n(eﬁ@%taﬁmotnrahh EemovhQofthe

@J over m nut es
@ew@iylt gr@lns angt @eing ﬁéﬁawe gdrogpiepiofertang groupliy addod épgivet fappound

R | - propane-2-sulfinic acid
[ﬁhfs?‘é}“m- >, 4-di f | uor o- pheny1) - et hyl i dene] - ani de
S¢acnze Blol ut i on of
1- (5-brono- 2, 4-di fl uor o- phenyl ) - et hanone (19 g, 64,4
nmol es,01 equiv.) and (R) {2- met hyl - pr opane- 2- sulfl/mc

ai e (10. : bs, €0di6 equi v) THF NH,
(o 215 ity Mqu add i (CEthga"S es,

:?g in a single @;P on at |ent egature
The act| on is heated 8 70"C and aI | oned g &tir 18

h. The reaction is cooled to anbient tenperature, and
poured into water. The 10resulting suspension i TyHe
filtered through a pad of diatonmaceous earth and 2)Protection
washed with ethyl acetate. The filtrate is coll &)%ggllution
and extracted with ethyl acetate. The organic | ayers

are conbi ned, dried over sodiumsulfate, filter and
concentrated under reduced pressure to ngve a fegl dulga
The residue is purified by silica gel chro ri&p
eluting with a linear gradient of hexane t Rkgne:

ethyl acetate (3:1) over 20 m nutes to give thi

15titl e conmpound (81%yield): Ms (mz): 338, 3 il

( M+1) 1n Scheme I11, BA@xded d> aﬂ‘ﬂagh@mlbﬂdﬁldé R aaaéal t6 a bo@p&ind of
repar ed essenti al 'y scribed in the ?ar ation
(prn(uh) (dn ﬁé‘{uﬁ%}]e SB](Vélbtawéh 9s THF £tp g1ve ageqnaound of ormula (vi). The
[akohd (35 AMRakd didiifibH@ ERo RSB in @LBYdbI SRR, ﬁmlqghexane
20Table"1 WO 200

9/ 134617PCT/ US2009/ 040589 - 18-
g6 ethanol, followed by the addition of thiourea to give a compound of formula (V11). The

compound of formula (vii) is treated with acid at an elevated temperature to provide the

racemic aminothiazine which is protected with a suitable nitrogen protecting group and
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Chem cal nane Physical data Ms (mz) |a
(R) - 2- Met hyl - propane-2-sul finic acid [1-(3-brono-4-

w0 bwondtophenyl ) - et hyl i dene] - am de 320, 322 ( MHRQT/UK2009/040589

(R) - 2- Met hyl - propane-2-sul finic acid [1-(5-brono-2-

fl uoro-phenyl)-ethylidene]-am de 320, 322 (M+l) Ic
(R)-N-(1-(3-bronmophenyl) et hyli-dene) - 2-

nmet hyl pr opane- 2- sul fi nam de 302, 304 (M+l1) Id

(R) - N (1-(5-brono-2-chl or ophenyl ) et hyl i dene) - 2-

nmet hyl propane- 2- sul fi nam de 336, 338 (M1l)

subjected to purification conditions, such as chiral chromatography or crystallization, to

give a compound of formula (1a).

Scheme IV
o S\L 1
=S. B ti, S (0]
Br |N 1.) )]\/MQCI r\@‘\)‘\ BzNCS Br s NJ\NJ\©
. - S H H
2. HCl (viiiy (R*) >

(i) “(R?). " (R%), (ix)

|
s 0 s 0
R, (1) R

Scheme IV depicts the synthetic steps starting with an appropriate compound of
formula (ii) to give a compound of formula (1b). An excess of 2-methylallylmagnesium
chloride is added to a solution of a compound of formula (ii) in a suitable solvent, such
as dichloromethane. The resulting intermediate is treated with a solution of HCl in a
suitable solvent, such as dioxane, to give a compound of formula (viii). The amine (viii)
is reacted with benzoyl isothiocyanate in a suitable solvent, such as THF, to give a
compound of formula (ix). Treatment of a compound of formula (ix) with an excess of
iodine in a suitable solvent, such as dichloromethane, will give a compound of formula
(x). Finally, addition of tri-n-butyltin hydride and AIBN in a suitable solvent, such as
toluene, will give a compound of formula (1b).

Scheme V
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Preparation 2 (S)-3 -((R)-2-Methyl -prop
ane-2-sul finylamno)-3 -(5

WO Rrodfre#e2] 4- di f | uor o- phenyl ) -butyric aci d net hpdT/ES1089/040589

O--NHO - Owe n-Butyl lithium(41.9 nL, 105 mmol es,
2 equiv) (2.5 Min Hexane) is added to a - 78 C

sol ution of diisopropylam nei4-10.6 g, 105 moles, 2
equiv) in THF (262 ). After 15 m nutes, nethyl
acetate (7.7 g, 105 mmoles, 2 equiv) is added dropw se
and the reaction is allowed to stir for 30 mnutes. To
the reaction is addegd dropw se a sol ution of

10chl siot i t ani umit[iOsopropskide (31.6 g, 115 mmdles,

2.2 eqsi v) in THF WSO rrL) Aéter stirrAmgc 60 m mgtes

atg, sol utign of (k)pamez S Ime \
acl OBY oml’reﬂyﬂmf% he|=am de %J R
40 :€S, 1 equiv) in i s added

dr opwi .)nThe reaction is stl ed for 3 hat -78 (QQ)” (xiv)

anmoni um chl oride (100 nl), war msd to anbi ent
tenperature, and 15diluted with water (100nmL). Th
resulting suspension is filtered through a pad of
di at onaceous earth and wash with ethyl acetat e\I/T
filtrate is collected and sact ed WiBzNC®t hy| OSNH oH

acetate. The organicBF o hg-Rontined andgdr et

over sodi um sul fate, f?@ ed, Hand corfteswtionat e@(‘d\e{kR
reduced pressure to give aRdesidue. The residue ®).
-19- purified by silica gel ] ;c(hr omat ogr aphy el uti ng
with a linear gradient of ﬁe ane: ethyl acetate (5: ’1’)

9, 1385 A Ay G Dby SR  srn
aith apleprppridderanifoohd offormule Grp dlisdsommorkabire” R’ iap uitable

it t?o%@ﬁ’{ 5 L8REb R R ARmIES Sy P e fbuhd &S SRBLAE bP Racting
(\SP-dBméthRhy@exyixinhiyé wph @mmessbfbwﬂyf lithiphaimiasofabB- 0b<ebt; arwh as
516, S S REGRRFRAF s P PR R ERb

compound of formula (xii). An excess of the appropriate magnesium halide (xiii) is

The reaction is quenched vv|t saturated sol ution of
lReduction

added to a solution of a compound of formula (xii) in a suitable solvent, such as THF.
The resulting ketone (xiv) is reduced to the alcohol (xv) by conditions well known and
appreciate in the art, for example by sodium borohydride in a suitable solvent , such as
methanol. To the alcohol (xv) is added benzoyl isothiocyanate. The intermediate
compound is treated with HC1 and then a suitable nitrogen protecting group is added to
give a compound of the formula (1c).

Scheme VI
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(S)-ethyl 3-(5-brono-2, 4-difluorophenyl)-3-((R)-1, 1-
di net hyl et hyl sul fi nam do) but anoate 426, 428 (Mtl) 2b
W@ 3)093346(R) - 2- Met hyl - pr opane- 2- sul fi nyl anm no) - BET/BS2009/040589
br ono- 4-f | uor o- phenyl ) -butyric acid nethyl ester 394,
396 (M+l) 2c
S)-3-((R)-2-Met hyl - propane- 2tzsul fi nyl am no) - 3- ( 5-
br ono- 2-f| uor o- phenyl ) -butyric acid nmethyl ester 394,
396 (M+l) 2d
(S)-3-((R)-2-Met hyl - propane- 2-sul finyl am no) - 3-
phenyl - butyrl c acid nethyl ester°376 378 (l\/H-l) 2e

(%) met 3ph§p5.q§}rorr§) 2-ch|oro \)/3 G(R) - Jo- |
et hytsuf-f+nam n bu anoat@ 410
2 Yb(OTf),

(xvi) (R%), (xvu) R, (xvm)
1. leaving group
( formation
(6] (6] 2. thiourea
Protectlon 3. H,80,
S
RS
Br. N/)\N/ Br NH2
(R?), ) R, O
MeMgCl
Reduction
OH
OH
s S
5
Br /)\ R Br\©\w N/)\N/R
AOLI ”
H
9 2

R, (1d) (RO (Te)

Scheme VI depicts the synthetic steps to give a compound of formula (1d) and a
compound of formula (1e), starting with an appropriate compound of formula (xvi),
where R’ is a suitable nitrogen protecting group.

A compound of formula (xvii) is prepared by first reacting
(methyl)triphenylphosphonium bromide and #-butyl lithium in a suitable solvent, such as
THF. To this solution, a compound of formula (xvi) is added slowly, for instance by an
addition funnel or syringe pump. A compound of formula (xviii) is prepared by the
addition of ethyl glyoxalate and ytterbium trifluoromethanesulfonate to a compound of
formula (xvii) in a suitable solvent, such as acetonitrile.

A compound of formula (xix) is prepared via a three step process: first, the
alcohol of a compound of formula (xviii) is transformed to a leaving group, for example
by reaction with trifluoromethanesulfonic acid anhydride in the presence of an
appropriate amine base, such as 2,6-Iutidine or diisopropylethyl amine in a suitable
solvent such as methylene chloride. An excess of thiourea is added and then the resulting
intermediate is added to an excess of sulfuric acid. The resulting amino group of a

compound of formula (xix) is protected with a suitable nitrogen protecting group by
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412 (Mrl) 10Preparation 3 (S)-nethyl
3-am no- 3- (2, 4-di fl uorophenyl) - but anoat e hydrochl ori de

W@hkddo/154627 0 Ove To a sol uti on of PCT/US2009/040589

(S)-3-((R)-2-net hyl - propane- 2-sul fi nyl am no) - 3- phenyl -
butyric acid nethyl ester (15.5 g; 37 6 mmoles; 1

equi v) and nethanol (100 nl)14-s added 15 hydrogen
chloride (4Min Dioxane) (100 n., 400 nmol, 11 equi V)
in a single portion. The reaction is stirred at room
tenperature for I h. The sol vent renoved under reduced
pregimsls vell koovgi and defraibed inlthe adteaneraccowipowhl dfgorosibad xx). The

A 4T 55 ) TS e B
Ehmpqﬁlm!filo;ﬁfdrmgla((bdmma ptga%dmd 76&?1@13 (Bn.e prepar ;ad

(5 < Rty E RS PPl P nP SERTRTH) P8 sfinas spmpound
Eﬁdlb?@ﬁ:tlﬁ)gg ?'g].l kv n?zcgéscyglabai 'ﬂip]ile rrdg? Iﬁorféhﬁﬁﬂ)le,aahl eR&REof lithium
)o"-og?ﬁ?'%&l—eé@ t gllﬁl;/gﬁél-v e FobEny 1) d but anoat e

hydr oaho@ipb@ifl 290) c&PBk prepared by reacting a compound of formula (xx) with

an excess of methylmagnesium chloride in a suitable solvent, such as THF.

Preparations and Examples

The following preparations and examples further illustrate the invention.

The names for the compounds of the present invention are provided by
ChemDraw® Ultra, version 10.0.

The abbreviations used herein are defined according to Aldrichimica Acta, Vol.
17, No. 1, 1984. Other abbreviations are defined as follows: “SCX” is strong cation
exchange; “ca.” is about or approximately; “EtOAc” is ethyl acetate; “MeOH” is
methanol; “DCM” is dichloromethane; “THF” is tetrahydrofuran; “Et,O” is diethyl ether;
“(OEt)” is ethoxide; “equiv” is equivalents; “FRET” is fluorescence resonance energy
transfer; “RFU” is relative fluorescence unit; ; “DMEM?” is Dulbecco’s Modified Eagle’s
Medium; “F12” is Ham’s F12 medium; “FBS” is Fetal Bovine Sera.

The mass spectrometry data, unless specified otherwise, is obtained via LC/MS:
Xbridge C18 (2.1 x 50 um x 3.5um) column at a temperature of 50 °C +/- 10 °C with a
flow rate of 1 mL/min. The elution system is 5 to 100% ACN w/ 10 mM ammonium
bicarbonate (pH 10) for 7.0 minutes then held at 100% ACN for 1.0 minute coupled with
electrospray ionization (100-800 amu scan range; 0.2 amu step; 80v Fragmentor; 1.0 gain;
80 threshold).

Certain compounds are purified via HPLC, method A: Xterra® RP18 (30 x 300
mm) column at ambient temperature with a flow rate of 40 mL/min. The elution system is
or consists of an isocratic gradient of 0:100 (acetonitrile: (0.1 % HCI in H,0O)) for 1-5
minutes followed by a linear gradient from 0:100 (acetonitrile : (0.1 % HCI in H,O)) to
50:50 (acetonitrile : (0.1 % HCI in H,O)) over 20 minutes. Any other HPLC conditions

are otherwise specified.
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(Mr1l) 3b (S)-nethyl
3-am no- 3- (5- brono- 2- f | uor ophenyl) - but anoate

wWoydposdlidri de 290, 292 (Mrl) 3c (S)-net hyl PCT/US2009/040589

3-am no- 3- (4-fl uorophenyl) - but anoat e hydrochl ori de
272, 274 (MF1l) 3d (S)-nethyl 3-am no-3-(5-brono-2-
chl or ophenyl ) but anoat e hydr ethl ori de 306, 308 (M+l) 3e
(S)- Ethyl-3-am no-3-(2, 4-di fl uorophenyl) - but anoat e
hydrochl ori de 322, 324 (M+l) Preparation 4
Preparation 1
(R)-2-Methyl-propane-2-sulfinic acid [1-(5-bromo-2,4-difluoro-phenyl)-ethylidene]-

amide

To a solution of 1-(5-bromo-2,4-difluoro-phenyl)-ethanone (19 g, 64.7 mmoles, 1
equiv.) and (R)-2-methyl-propane-2-sulfinic acid amide (10.2 g, 84.1 mmoles, 0.76
equiv) in THF (0.3 M, 215 mL) is added Ti(OEt)s (29.5 g, 129 mmoles, 2.0 equiv) in a
single portion at ambient temperature. The reaction is heated to 70 °C and allowed to stir
18 h. The reaction is cooled to ambient temperature, and poured into water. The
resulting suspension is filtered through a pad of diatomaceous earth and washed with
cthyl acetate. The filtrate is collected and extracted with ethyl acetate. The organic layers
are combined, dried over sodium sulfate, filtered, and concentrated under reduced
pressure to give a residue. The residue is purified by silica gel chromatography, eluting
with a linear gradient of hexane to hexane: ethyl acetate (3:1) over 20 minutes to give the

title compound (81% yield): MS (m/z): 338, 340 (M+1).

The following compounds in Table 1 are prepared essentially as described in the
preparation of (R)-2-methyl-propane-2-sulfinic acid [1-(5-bromo-2,4-difluoro-phenyl)-
ethylidene]-amide.

Table 1
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(S)-3 -am no-3 -(5-brono-2, 4-di fl uorophenyl ) butan-1

- ol
W@ 3)098848y7L- 3- am no- 3- (2, 4-di fl uor ophenyl) - but aPCEUS2009/040589
hydrochl ori de (40.2 g,

, NH 2

(180 n)
THF) (118 ni, 118 mmol es) oves- 45 minutes while

mai nt ai ni ng the internal

OH 10To a 0 C sol ution of

90 5 mmol es, 1 equi V)
is added |ithium alum num hydride (

reaction t enper at ur

in THF
1 Min

e bel ow 15

C. The reaction mxture is allowed to warmto anbi ent
nperature and stir for 1.5 h. The reaction is cool ed

t

to OC 15
vat&p- '8,
wat er

fi

i s drlaed
r emoved

conmpound
T1%I1pi el
(mz):
- hromo- ph
sol utiicon

3-

(

(13

and quenched by the dropw se additi
5 L), 2 M sddictifehiioxi de (4.5 nl
.6 nL). The resulting solid is renp

orPhgfical data

o diggma)

ltratiog

NRaMeMsthyigecpank-LBuinktydcidd ¢-€8-dto@no-IH
over M504 gred The sol ven

d filt
- 21- un‘%FO%@Hﬁb%HW'pg?k@?@eto gi ve

e filtrate
13205322 (M+1)

the title

280, 282

WRI)-0hviktBy 1L eshnWD tshiTate detdr [t hebray-2
d, 73%purity as determ ned by LCMS

%ﬁ'ﬁ?{%l)ﬁh@d@(@kﬁm@e- Ani no-

I catl on
) 120ME2 (M+1)
3 -(3

am no- 3

gpy |( )é}{?_hﬁhté(ﬁ %%bro’rﬁ&ph@@l)éthymne)-z-
_(4-fluonmﬁh&m%my@buman@aMe hydr och

loa0C

302, 304 (M+1)
| oride (14

g,—38—6+mweles—tequtvp+n—FHF{200mw) s
et bjor i Gebremo-ehtgroppenylefirbif88)-2-2
careful ly. After El@ﬁiiy[ib%[ﬁﬁ@&%lﬂ%nirﬁﬁgti on 10m Xtur
heated to 50 C and sfirred. Upon conpletion,| the
reaction is cooled in an ice bath and gquenched by
dropwi se addition of mat?r. TQe Gpaction is acidified
with 1 NHCL (100 m). AT ™%ing for Ih, the
s@) Bt RP2-Methyh g pbees2-sul fidhtdmin - NeChioma - giffuo@gihedlyl)-butyric
wi th di chl oronet hane. The organic | ayers are conbi ned,
dried over sodiun1su|fa9@?nF%W'gﬁgd, and concentrat ed
under reduced pressure to giye the title compound (94
%yield): 15M5 (mz): 244.0:and 246.0 (Mtl).

The foll owi ng conpounds inyiuhl 4 are prepared
essentially according t / paLati on of
(S)-3-Anino-3-(3-bronn-p )-butan-1-ol. Table 4 20

n-Butyl lithium (41.9 mL, 105 mmoles, 2 equiv) (2.5 M in Hexane) is added to a -

AadAd~A

(Z 4V AV AW v |

el ﬁ@é& (M)

78 °C solution of diisopropylamine (10.6 g, 105 mmoles, 2 equiv) in THF (262 mL).
After 15 minutes, methyl acetate (7.7 g, 105 mmoles, 2 equiv) is added dropwise and the
reaction is allowed to stir for 30 minutes. To the reaction is added dropwise a solution of
chlorotitanium triisopropoxide (31.6 g, 115 mmoles, 2.2 equiv) in THF (50 mL). After
stirring 60 minutes at -78 °C , a solution of 2-methyl-propane-2-sulfinic acid [1-(3-
bromo-phenyl)-ethylidene]-amide (12.2 g, 40.4 mmoles, 1 equiv) in THF (50 mL) is
added dropwise. The reaction is stirred for 3 h at -78 °C. The reaction is quenched with a
saturated solution of ammonium chloride (100 mL), warmed to ambient temperature, and
diluted with water (100mL). The resulting suspension is filtered through a pad of
diatomaceous earth and washed with ethyl acetate. The filtrate is collected and extracted
with ethyl acetate. The organic layers are combined and dried over sodium sulfate,

filtered, and concentrated under reduced pressure to give a residue. The residue is
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WO 2009/ 134617PCT/ US2009/ 040589 -22- Prep. No.
Chem cal nane Physical data M5 (mz) b5a

W@ 3)09334mi1 no- 3- ( 3- br ono- 4- f | uor ophenyl ) but an- 1PGT/USBRI/040589

264 (Mrl) 5b

(S)-3-am no- 3- (5-brono-2-fl uorophenyl ) but an-1-ol 262,
264 (M+l) Sc -19-

(S) - 3-am no- 3- (5- brono- 2-chl orophenyl ) but an- 1- ol 278,
280 (M+l) Preparation 6 (S)-1

-Benzoyl- 3-[ 1- (5- brono- 2, 4-di fl uor o- pheny1l) -3
phifieddxysilicarget dhydmasegrgnhly jelwting ivith e diacag gradien) df-hemante] ¢dny 1

: .0 , , : .
Py ag R S8ty BnPlonme 19y 20 PSR BRI
(®% ygld)3MSninoh)es12, 414e@iy) in THF (50 nl) is added
bis(trimethylsilyl)trifluoroacetam de (8.7g, 34 mmol, 1
equiv). After 2 h, benzoyl isothiocyanate (5.5 g, 34

nol eShe blleging\epmpsunds thethbttr Dgrevpepared E8entie e id dercribsd in the

stirred 1 nch Wt h ter, and extracte .1 h
stonprti s P UREREEH e Ry B e A s b a it
pXéfyachuedicwicidincthyNekdyl and sat urat ed aqueous 10 Nad .
The organi c phase is dried over sodiumsulfate,

o ’ Bhygica] glat
gilye the [titl e conmpou > 95% yield, 90 % puriy{ichrgata
deéséelpi’n Neld by LCMB): %%leﬁﬂ#f%%m%s, 445 (ML) . MS (m/z)
The following conpounds in Table 5 are prepared

egsenti al I()s)-afbyloﬁe@cbrplmed,4i-¢1ﬂtl¢rep@_sblbépiéi)alt,i-on of , L
(9) - Ebenzoy1- gk ReiQudidhilidibuer o- pheny’t) 3 hd
roxy-| - met hyl -

ol (S)—3—((R)—2—Methyl—propane—2—‘sulﬁ'nylamin0)—3—(3— 394, 396 (M+1)
bromo-4-fluoro-phenyl)-butyric acid methyl ester

N—r

S)-3-((R)-2-Methyl-propane-2-sulfinylamino)-3-(5-
2¢c PR yoprop ) ‘y »34 394, 396 (M+1)
bromo-2-fluoro-phenyl)-butyric acid methyl ester

S)-3-((R)-2-Methyl-propane-2-sulfinylamino)-3-
2d (53-8 Y p p' y ) 376 378 (M+1)
phenyl-butyric acid methyl ester

S)-methyl 3-(5-bromo-2-chlorophenyl)-3-((R)-1,1-
2¢ ® y13< phenyl)3-(®) 410, 412 (M+1)
dimethylethylsulfinamido)butanoate

Preparation 3

(S)-methyl 3-amino-3-(2,4-difluorophenyl)-butanoate hydrochloride
CIH

To a solution of (S)-3-((R)-2-methyl-propane-2-sulfinylamino)-3-phenyl-butyric
acid methyl ester (15.5 g; 37.6 mmoles; 1 equiv) and methanol (100 mL) is added
hydrogen chloride (4M in Dioxane) (100 mL, 400 mmol, 11 equiv) in a single
portion. The reaction is stirred at room temperature for 1h. The solvent removed under
reduced pressure to give the title compound which is used without further purification
(>95% yield): MS (m/z): 306, 308 (M+1).



propyl]-thiourea. Table 5 WO

2009/ 134617PCT/ US2009/ 040589 -23- Prep. No. Cheni cal
wmma0ve/1Bysi cal data MS (nfz) 6a PCT/US2009/040589

(S)-1-Benzoyl- 3-[1-(3-brono-4-fl uoro-phenyl) - 3-

hydr oxy-1| - et hyl - propy1] -t hi ourea 425, 427 (M1l) 6b

(S)-1-Benzoyl-3-[1-(5- brono-2-fl uoro- phenyl) - 3-

hydr oxy-1 - met hyl - propyl] -t hi ourea 425, 427 (M1l) 6c¢C

(S)-N-(2-(3-bronmophenyl) - 4- hydr oxybut an- 2-

yl car banot hi oyl ) pi val am de 359, 361 (M1l)

The following compounds in Table 3 are prepared essentially as described in the

preparation of (S)-methyl 3-amino-3-(2,4-difluorophenyl)-butanoate hydrochloride.

Table 3
5
Physical data
Prep. No. Chemical name
MS (m/z)
S)-methyl 3-amino-3-(3-bromo-4-fluorophenyl)-
3a ® Y ( pheny] 290, 292 (M+1)
butanoate hydrochloride
S)-methyl 3-amino-3-(5-bromo-2-fluorophenyl)-
3b ® Y ( pheny) 290, 292 (M+1)
butanoate hydrochloride
S)-methyl 3-amino-3-(4-fluorophenyl)-butanoate
3c ) Y ( ) phenyl 272,274 (M+1)
hydrochloride
(S)-methyl 3-amino-3-(5-bromo-2-
3d ) 306, 308 (M+1)
chlorophenyl)butanoate hydrochloride
S)-Ethyl-3-amino-3-(2,4-difluorophenyl)-butanoate
3e (S)-Fthy ( phenyD 322,324 (M+1)
hydrochloride
Preparation 4
(S)-3-amino-3-(5-bromo-2,4-difluorophenyl)butan-1-o0l
w, NH2
F F
10 To a 0 °C solution of (S)-ethyl-3-amino-3-(2,4-difluorophenyl)-butanoate

hydrochloride (40.2 g, 90.5 mmoles, 1 equiv) in THF (180 mL) is added lithium

aluminum hydride (1 M in THF) (118 mL, 118 mmoles) over 45 minutes while

maintaining the internal reaction temperature below 15 °C. The reaction mixture is

allowed to warm to ambient temperature and stir for 1.5 h. The reaction is cooled to 0°C
15  and quenched by the dropwise addition of water (4.5 mL), 2 M sodium hydroxide

(4.5 mL), and water (13.6 mL). The resulting solid is removed by filtration and rinsed

with ethyl acetate. The filtrate is dried over MgSOj and filtered. The solvent is removed
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6d (S)-N-(2-(5-brono-2-chl orophenyl)-4-hydroxybut an-
2-yl car banot hi oyl ) benzam de 441, 443 (M1l)

wee@pasati on 7 PCT/US2009/040589

(S)-4-(5-brono-2, 4-di fl uorophenyl)-4-net hyl-5, 6-di hydr
0-4H 1, 3-thiazin-2-anmine S ,,NNH2 FF 5To a sol uti on of
(S)-1-benzoyl-3-[1-(5-brono-2,-4-difl uoro-phenyl) - 3-hyd
roxy-1|- methyl-propyl]-thiourea (41 g, 68 nmmoles) in
1, 4-di oxane (20 nlL) is added an aqueous sol ution of
HC1 (5 N, 407 nmL, 2.0 noles, 30 equiv). The resulting
swdgresivraipresundr giedthe ¢itld cO@unAfvheh istsed mithgut figthep0
L&Préfg&‘lﬁlrofé ‘c”fiﬁjl@ﬂ ’733/[) ﬁ?ﬁg%@&& ﬁ?n%d:ﬂ ‘iﬁi@ g%c(\%g? 280, 282
aqueous sol ution of HCl (5 N 407 m., 2.0 10nDIes) and
stirred at 100 C for % pension is cooled to
10 Cand the pHis adj us red)afa lOnﬁslo with a 50 %
aqueous soIut|qS)@@hﬁh&BHBBhﬂmrﬁmmym%n@naqﬂeous
solution is extracted with etfiyl acetate. The organic
| ayers are conbi ned, diied over’ sodi um sul fate,
filtered, and concentratéﬁ:gﬁgéf\@éduced pressure. The
residue is purified by si a gel flash colum
chromat ography eluting with a ste radi ent of hexane:
acet oﬁ@a%swol\i'}w of (Resingthe! 3 a@étoo%@f? upropheRyd)-pitgoaehe

th%%g@hl&‘?d&@ﬁ?%&(@&ﬂbbéb ol @%uw@&{ormr boy/mBFisdgd@naninad by

@9@9}@3’&61 b@TﬂLJsz@l@bﬁ o?4fz9lsefgcar2f411y After 5 mrigates.dhq 1596tien

GARRRUDHS:tddNo 3Pt 8nbsteE. Ubgrp@Jnﬁgetﬁ)ﬁstﬁ@ Fela@dnYs cooled in an ice
according to the preparation of

(O ke B o S beiny T Acsetertiy 2cigifid withy af HC!
gIa(fr?glhﬂ). 3 fidp E%hg gorqm R8s MR i EmBd U8R withon %ﬁ] &@lextracted
with dichloromethane. The organic layers are combined, dried over sodium sulfate,
filtered, and concentrated under reduced pressure to give the title compound (94 % yield):
MS (m/z): 244.0 and 246.0 (M+1).

The following compounds in Table 4 are prepared essentially according to the
preparation of (S)-3-Amino-3-(3-bromo-phenyl)-butan-1-ol.
Table 4
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Physical data Ms (mz) 7a
(S)-4-(3-Brono-4-fluoro-phenyl)-4-nethyl-5, 6-

waelRtwdsw12H-[ 1, 3]t hi azi n- 2-yl am ne hydr ochl or i BET/BERN9/040589

305 (Mr1l) 7b
(S)-4-(3-bronophenyl)-4-nmethyl-5, 6-di hydro-4H 1, 3-

t hi azi n-2-am ne hydrochl ori d2-285, 287 (Mtl) 7c
(S)-4-(5-brono-2-chl orophenyl) - 4- net hyl-5, 6-

di hydr o-4H 1, 3-t hi azi n-2-am ne 319, 321 (M1)
Preparation 8

(E)P [ 4- (5- Brono- 2-f | uoro- phenyl) - 4- met hy1- 5, 6 dihyyidal data
APrep; BPt|hi azi n- 2- y1] - EAPBERNTRYSci d tert - buty] eﬁ%?{n/z)
10A sol utfi on of

(%) - JSabenZO()SJ.JS&-n{lﬂohBJﬁ?y broatns- ﬂuérbpl@hﬁ)m;k@nydl) 2dry2hidaxg-1)

_l nef h‘yl @ B b III Lll \ ﬁr‘ld
aqueods I—ICl(rS%‘g aI’Qi“ﬁOZ%‘ (%Eromf)l WP@@YI tglt 7{6/3 M)
C| Aifcer [stish-BlaRBnd-95-brotho-L8BoropRGY Hant Iiop0027%d2$oC(M+1)
ambhient t enperature and allowed to stand overhij g ht

The reaction is concentrated under reduced pressure to

gi ve crude reparation 6

(S)-4-(5-brono-2- quoroph r%) 1)-4-net hyl-5, 6-di hydro-4H
-(B)-3-RonrekBril 25-hrvinwe, iﬂkfy@rqa@wnﬂb B cherdfors L {mgthy)-pr@oH;thiourca
305 (M+l1)]. s O

To a solution of (S)-3-amino-3-(5-bromo-2,4-difluoro-phenyl)-butan-1-ol (9.5 g,
34 mmoles, 1 equiv) in THF (50 mL) is added bis(trimethylsilyl)trifluoroacetamide (8.7g,
34 mmol,1 equiv). After 2 h, benzoyl isothiocyanate (5.5 g, 34 mmoles, 1 equiv) is added
dropwise. The reaction is stirred 18 h, quenched with water, and extracted with ethyl
acetate. The combined organic phases are extracted with 1 N HCI and saturated aqueous
NaCl. The organic phase is dried over sodium sulfate, filtered, and concentrated under
reduced pressure to give the title compound (> 95% yield, 90 % purity as determined by
LCMS): MS (m/z): 443, 445 (M+1).

The following compounds in Table 5 are prepared essentially as described in the
preparation of (S)-1-benzoyl-3-[1-(5-bromo-2,4-difluoro-phenyl)-3-hydroxy-1-methyl-
propyl]-thiourea.

Table 5
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To a solution of
(S)-4-(5-brono-2-fluorophenyl)-4-net hyl -5, 6-di hydr o- 4H

WO 200843467 azi n- 2- am ne hydrochl oride in THF ( 3BCHiI$20891040589

sat urat ed aqueous sodi um bi carbonate (15 nlL) is added
di -t-butyl di carbonate (0.77 g, 3.5 mvles). After 4 h,
the reaction is diluted with2aater, extracted with
ethyl acetate, dried over sodiumsulfate, filtered,

and 20 concentrated under reduced pressure. The

residue is purified by silica gel flash colum

chr.omat ogr aphy eluting with a linear gradi ent| dfhysical data
heX&ReNP-d hexane: et hyph%fB‘é?dlta%‘e(s 1) to give th%é
title conpound (69%yield): M5 (mz): 403, 405 (MF{?
- 25- Prepar @) bBe®ofS)-f1- QFEroinUMyﬁluoro phenyl) 3-
44(5-%r onp- 2, 4-dj f] uoro 1y%r) 4 5, 6- dji ¥pdd-QH1)
-1, 3-t hi azi n- 2- {'}fdéod‘ryb]aﬁ’ﬁt& OBy ]I{LE?“‘S%F To a §sol ution

0 (S)-1-Benzoyl-3-[1-(5-bromo-2-fluoro-phenyl)-3-
($) - Hb( 5-|br ono- 2, 4- di fI uoro henylz 4- et hy 1- 5, @5d42%/@+1)
0414H 1, 3-thi azi bydsoxynk- methyhpropylsthidecanmpi es |1 equi v)

in 1, 4-di oxa 1 fed mqueous

sol utdeon Qg)dllg\ﬂ(?n(e% %dgg%@g@gylg%@%&ﬁ gn d waisr 3q1301+1)
ml) at anbl ent tenﬁbﬂréﬂfuﬁaféloymal%@senm on is|stirred

for—5 mmnu ____ 0 Tt r-tert-

L Obut a0 SRS STy Soh e Bt o et
[ h, the rleacti on |28ylohrbm<nhioy\11)ltehzamadeer extracted with
et hyl al l al <, UI I CU UVl IIDlgIICDI UTll DUI I al C, I‘I I tCI Cd,

and concentrated under reduced pressure. The residue
is purified by silica gePr@Iarmmtbgr aphy eluting with

i IR R ENC RN ST

foll ow ng conpounds in TabI e ﬁxxgre pr epar ed
el

essentially as describgd in t reparati on of
(S)-tert-butyl NH,

4- (5- brono-2, 4-di fl uor -4- rrethy1-5,6-d|hydro-4H
1,3 -thiazin-2 -ylc arbamate. Table 7 WO

2009/ TB4ﬁdlﬁaﬁ'l'dﬂasgD@&iz@ﬂ%ag(s—tﬂﬁﬂoerMﬂuMphﬁye)rﬁ -nyadroxy-1-

(rﬁrﬂsy Rr § %?8%3 {/ﬂfgr’vg%&gloé%gﬁaﬁ d12xar1?&(%0yrj}L)515 édded an aqueous
dolbyeh e-HIEHF N, 301 Loz 0 mrroksy3)] eqaid. bains resultirgduspendieid tmakmed
to 100 °C. After stirring for 20 h, the reaction is concentrated under reduced pressure.
The resulting mixture is treated with an aqueous solution of HC1 (5 N, 407 mL, 2.0
moles) and stirred at 100 °C for 18 h. The suspension is cooled to 10 °C and the pH is
adjusted to pH 10 with a 50 % aqueous solution of NaOH. The resulting aqueous
solution is extracted with ethyl acetate. The organic layers are combined, dried over
sodium sulfate, filtered, and concentrated under reduced pressure. The residue is purified
by silica gel flash column chromatography eluting with a step gradient of hexane: acetone
(4:1) to hexane: acetone (3:1) to give the title compound (57% yield, 85% purity as
determined by LCMS): MS (m/z): 321, 323 (M+1).
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ester 403, 405 (M+l) 9b (5)-tert-butyl
4- ( 3- bronophenyl) - 4- net hyl- 5, 6-

waelRtwydsw17H 1, 3-t hi azi n- 2-yl carbamat e 385, 387PCIVIES)009¢40589

(5)-tert-butyl 4-(5-brono-2-chlorophenyl)-4-nethyl -

5, 6-di hydro-4H 1, 3-t hi azi n-2-yl carbamate 419, 421

(Mtl) Preparation 10 2-Bronp4+-3-yl-but-3-en-2-o0l 5

To a solution of 3-bronoacet ophenone (50 g, 250

mol es; 1 equiv) in MIBE (375 nL) at 10 C, is added

vi nyl magnesi um brom de (0.7 Min THF, 250 mmol es; 360

mL, 1Thglelloyingrcoppsmds inTFablertese picpared ess¢ngiatlpetcouding to the

r ench

\Bl?e{ph}éﬁorg gl{(g% -t(g-gro%bﬁzélé ggﬁltgl‘o %ﬂy§ £ %g!hgldS gr(lﬂlygl% NN %d[hlazm—

Chinoné.de. The m xture is 10diluted wth vvater,

extracted with ethyl acetate, dried over magnesi um

sulfate, filtered, and concentrated under reduced

preskuwe. The residue is purified by silica gel

chromat ogr aphy eluting wth a step gradi ent of Phys1ca1data

heXzpeNo. et hyl acet at eChonitdl namehexanes: et hy| t at

(4:1) to|give the title conpound (40 g, 42%yi| el §<mﬂzﬁl
(400 [ (s) GG Thind- Gk sphet Red @A, JF 14 T2

1H), 7. 30 (d ()QQ@ P y@. ﬁJSE 14, | 3B, ABHHI+1)

1H), 7.21(t, dlhydrpﬁHﬁI 34 hlﬁzm %Y@@nrﬁ qucmorlée H| 7.63

(s, 1H). e e
b (S)-4-(3-bromophenyl)-4-methyl-5,6-dihydro-4H-1,3 285, 287 (M-+1)

thiazin-2-amine hydrochloride

(S)-4-(5-bromo-2-chlorophenyl)-4-methyl-5,6-
7c ) o ) 319, 321 (M+1)
dihydro-4H-1,3-thiazin-2-amine

Preparation 8
(S)-[4-(5-Bromo-2-fluoro-phenyl)-4-methyl-5,6-dihydro-4H-[1,3]thiazin-2-yl]-carbamic
acid tert-butyl ester

A solution of (S)-1-benzoyl-3-[1-(5-bromo-2-fluoro-phenyl)-3-hydroxy-1-methyl-
propyl]-thiourea (0.79 g, 1.8 mmoles) and aqueous HCI (5 N, 25 mL, 71 mmoles) is
warmed to 100 °C. After stirring for 6 h, the reaction is cooled to ambient temperature
and allowed to stand overnight. The reaction is concentrated under reduced pressure to
give crude (S)-4-(5-bromo-2-fluorophenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-amine
hydrochloride [MS (m/z): 303, 305 (M+1)].

To a solution of (S)-4-(5-bromo-2-fluorophenyl)-4-methyl-5,6-dihydro-4H-1,3-
thiazin-2-amine hydrochloride in THF (30 mL) and saturated aqueous sodium bicarbonate
(15 mL) is added di-#-butyldicarbonate (0.77 g, 3.5 mmoles). After 4 h, the reaction is
diluted with water, extracted with ethyl acetate, dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The residue is purified by silica gel flash column
chromatography eluting with a linear gradient of hexane to hexane: ethyl acetate (3:1) to

give the title compound (69% yield): MS (m/z): 403, 405 (M+1).
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-27- Preparation 11
2-[3-(3-Brono- phenyl) - but - 2- enyl] -i sot hi our ea

woyaposfidri de 1H S NH2 CI H 5To a 0 C sol uti oPCD1S2009/040589

2-brono-3-yl -but-3-en-2-o0l (11 g, 29 mmoles, 1 equivV)

and hexane (20 nL) is added thionyl chloride (6.9 g,

58 mmol es, 2 equiv). The reaziion is allowed to warm

to anbient tenperature at which tinme gas vigorously

evol ves. The reaction is stirred at anbi ent

tenperature until the gas ceases to evolve and the

sol vent is renoved under reduced pressure. The

resulting residue is dis .1y acetonitrile (100

10nmL). Thiourea (2.2 g, g%%éﬁgFgE{ 1 equiv) is added

anf)-tehéuryd d € 6-ibomad-2, 4 hidfhtoeabhtiy | BO mEthy AF HelihyArdidH 11 IBethiazin-2-

reaction is cooled to aanen% tenperat ure. The

resulting precipitate is ot Te ed by filtration and

washed with acetonitrile t kvesthe title conpound
i ) 287,

(90 %yield): M5 (mg): 28; M) .

15Pr epar ati on 12 :l;;%; N

4- ( 3- Brono- phenyl) - 4- k—5,§1dihydro-4H—[1,3]thiaﬂ
n-2-yl am ne A suspensi on of

2- [ 3- T82beloten PHEhY1Y-biono-224-difinelophenyb Hirwethielad.0-dihydro-4H-

DGR 2R Ao o TR 1 Do g b Jgeea

2@hratadhqueot ytliton of sodtww biearbbmta(ibBi end andewper (@0 urle at ambient

h H of 1 he l.utton iscadjusted. o pH 1 t.h :
H el R et e e e R el R A bl o
Guyddicacbdnaty € g, A8 enrcd e R kedy). difice dh,obercantiag sedifutedhwith water,
sulfate,. filter and concentrat ed. under reduced
SRRy g R g8 P B E B BL R0 Riad, B e
(uﬁﬂel)%duaéifpr&surBS ThOrefitittelik plﬁriﬁéﬂ&ry siftce Ealgoatdnﬁwogiﬁ)hy elrl]ning with
N- (4- (3- bronmophenyl) - 4-net hy1-5, 6-di hydro-4H-1, 3-t hi a
ihﬁ’gaé?ﬁljyg&‘éefaé e to éﬁ‘%thﬁ tigle porapyug ?Mwld)ﬁs %m/'%) 431,953
43y, br ono- pheny1) - 4-net hy1- 5, 6-di hydro-4H-[ 1, 3] t hi azi

n- 2-ylamne (10 g, 35 mmoles, 1 equiv) and
triethylamne (4.3 g, 42 moles, 1.2 equiv) in

di chl ?ﬁ@%ﬁb@ﬁl@%oﬁlg&nﬂg—)n TableAOHe Ereﬁir@@é!gs&ﬁia?;ﬁ‘s_tdékcribed in the
chl ori de 5 mol e 1 equiv) over m nut es

2.8 q, S, ) es.
th‘é’alfa@%@ﬁ( (éhtertgb%rl|4d\§é><§0%2wadiﬂw@ha%}-éﬁtethyl—5,6—d1hydro—4H—
LemmgL Rt U earbAhdi€r 1 h, the reaction is diluted with
di chl oronet hane and extracted with water. The organic
| akpbles’ are 10separated, dried over magnesium sul fate,
filtered, and concentrated under reduced pressure. The
resulting residue is purified by silica ge
chromat ography eluting with hexane: ethyl acetate
(1:1) to give the title conmpound (87% vyield): M
(mz): 327, 329 (M+l).
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15Pr eparati on 14
(S)-N-[4-(3-Bronp-phenyl)-4-nethyl-5, 6-di hydro-4H[1, 3

wQ pivvazdon? 2-y1] - acet am de PCT/US2009/040589

4- ( 3- brono- phenyl) - 4- net hy1-5, 6-di hydro-4H-[ 1, 3]t hi azi
n-2-ylamne (20 g, 61 mole) is purified by HPLC
chiral separation [Colum: 826 32 cm chiral pak AD;

El uent: 20 60:40:0.2 (isopropyl alcohol : heptanes:
di met hyl et hyl am ne); Flow. 350 nL/mn at UV 260 nnj.
The second eluting isoner is isolated to provide the
enantlonerlcally enrlched title conpound (3596Y|eld)

Mtz 327,329 (i) =—29=—Preparation—15<¢

Dot Ao T1 UoT 0 5- by CHflonim - phenyL) - 4- nptRUTE8 98

- di hydro-4H— [1,3 ]thi azi n 2 - yl] carbarric ciMS (m/z)
C

tr r t I ot aor Sl

S()i tjt I”;;]y Iof U(%S [4- (3‘JBr0m0 4- ﬂuoro pl'ienyl) 4 metﬁyl S 8 *

(9) - a( 5- baibydo-AH4 Bithiatiaroanedyahlic 4eided-Niky 15|, 43, 405 (M+1)
dilhydro-4H 1, 3-thi azin-2-amne (12.6 g, 29.9 jmol, 1
equi v) in 1,2-dinethoxyet Ifiife: water: ethanol| (15: 7:

5, 300 nij) 1 &)agdegypa- !Sﬂoﬁi'o dAgH-a-RanAN & acpd (25 g,
203 ol s g) eq wyv p_:,y 9141 §Dy ces}lqum car pirsadsy (M+1)
(‘)8 g, 18'0 nmol @@ydrg—4 ]dﬁ\pl)lazalha—ylcarbamate

0/0. mal 69, 0 5 QAR DRl Gr O b RC B Houto 11 ¢

{0 mel es|, [ ter 4 utes,” t he419, 421 (M+1)
reaction fi s covb-dihyto-4dibbdhipzinEnpenrtzmate, di| ut ed
with—water;—and—extracted—wthethyt—acetate—The

organi ¢ phase is dried over nmagnesi um sul f at e,
filtered, and concentr at®Bdpanden 16 educed pressure. The

residue is purified Si | mat ogr aphy
eluting with a step g%& hty?g‘?[egng&gﬁg ethyl acetate
(7:3) to hexanes: ethyl acetage (1:1) to give the

title conpound (67% vyi eIBg): @©Hz): 421 (M+l). 15
The foll ow ng conmpounds 1 e 8 are prepared
essentially as described i e preparation of (5)-

[4- (2, 4-difluoro-5-pyrimdin-5-yl-phenyl)-4-nethyl -5,
- di hy{ip esdlifidn &)3thvbmzicatoBhanbhe GARH2TH mwmales;d dqeivd 'thifBE

gg‘{SS{BL) a;It_ qB L& is8 add_e,(:l:‘> 1ny§nagges1um bromlcﬁe%gef\/[ 1nnlal[fF Zp H es 360
mL, 1 equiv) dropwise. The reaction is heated to reflux for 16 h. The reaction is cooled
and quenched with a saturated aqueous solution of ammonium chloride. The mixture is
diluted with water, extracted with ethyl acetate, dried over magnesium sulfate, filtered,
and concentrated under reduced pressure. The residue is purified by silica gel
chromatography eluting with a step gradient of hexanes: ethyl acetate (9:1) to hexanes:
ethyl acetate (4:1) to give the title compound (40 g, 42% yield): 'H NMR (400 MHz,
CDCls):1.64 (s, 3H), 5.18 (d, /= 14 Hz, 1H), 5.30 (d, /=23 Hz, 1H), 6.13 (dd, J = 14, 23
Hz, 1H), 7.21(t, /=11 Hz, 1H), 7.36-7.40 (m, 2 H), 7.63 (s, 1H).
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M5 (mz) 15 a (S)-N {4- [3 -(5 -Methoxy-pyridin-3
-yl) - phenyl ] -4-

WOoreaonsts4657 6- di hydro-4H-[ 1, 3]t hi azi n-2-yl | - acer@miSe9/040589

356 (M+l1l) 15b
(S)- N-(4 (3 (5-chloro-2-fluoropyridin-3-yl)phenyl) - 4-
nmet hyl - - di hydro-4H 1, 3- t ht®zi n- 2-yl ) acet am de 378
(Mr1) 150 (5) [4-(4-F luoro-3 -pyrimdin-5
-yl - phenyl) - 4- et hyl -
5, 6-di hydro-4H[1, 3]thi azin-2-yl]-carbam c acid ten-
butyl ester 403 (Mtl) 15 d (5- [4-(2 -F luoro-5
-pyrimdin-5 -yl -phenyl) n 5 , 6-di hydro-4H
[1,3 Jthiazin-2 -yl]- car% %hg%lh(lj ten- butyl ester
403 ( M+1l) 245-(& Bf@he-phenyB-biveRayytll-dethdurep y dnotidondes
-yl -phenyl)-5 ,6- dihydro-4H [1,3 ]thiazin-2-yl]
-acetam de 327 (Mrl) 15f (S)- {44 [4-F luoro-3
-(2-fluoro-pyridin-3 -yl)-phgny$] -NH,
met hyl - 5, 6- di hydr o- 4H8r higazi n-2-y1 1 -carbam c
acid ten-butyl ester

To a 0 °C solution of 2-bromo-3-yl-but-3-en-2-o0l (11 g, 29 mmoles, 1 equiv) and
hexane (20 mL) is added thionyl chloride (6.9 g, 58 mmoles, 2 equiv). The reaction is
allowed to warm to ambient temperature at which time gas vigorously evolves. The
reaction is stirred at ambient temperature until the gas ceases to evolve and the solvent is
removed under reduced pressure. The resulting residue is dissolved in acetonitrile (100
mL). Thiourea (2.2 g, 29 mmoles, 1 equiv) is added and the reaction is heated to 50 °C.
After 2 h, the reaction is cooled to ambient temperature. The resulting precipitate is
collected by filtration and washed with acetonitrile to give the title compound (90 %

yield): MS (m/z): 285.0, 287.0(M+1).

Preparation 12

4-(3-Bromo-phenyl)-4-methyl-5,6-dihydro-4H-[ 1,3]thiazin-2-ylamine

X
Br N” NH,

A suspension of 2-[3-(3-bromo-phenyl)-but-2-enyl]-isothiourea hydrochloride (17
g, 52 mmoles) in 12 M HCI (53 mL, 640 mmoles, 12 equiv) is heated to 100 °C. After 24
h, the solution is cooled to ambient temperature. The pH of the solution is adjusted to pH
10 with aqueous 2N NaOH and extracted with ethyl acetate. The organic layers are
combined, dried over magnesium sulfate, filtered, and concentrated under reduced

pressure to give the title compound (70 % yield): MS (m/z): 285.0, 287.0 (M+1).
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420 (M+l) 15 g (S)- {4- [2,4-D
i fluoro-5-(2-fluoro-pyridin-3 -yl)- phenyl]

WO 20008840y1 - 5, 6- di hydro-4H [1,3 ]thiazin-2 -ylPCFUS2009/040589

carbam c acid ten-butyl ester 438 (M+l) 15h
(5)-tert-butyl 4-(2,4-difluoro-5-(5-fluoropyridin-3-
yl ) phenyl) - 4- net hyl - 5, 6- di hy2i-o- 4H 1, 3-t hi azi n- 2-
yl carbamate 438 (M+1l) 15i (S)-4-(2 -chloro-5 -(5
-chloro-2 -fluoropyridin-3 -
yl) phenyl) - 4- met hyl - 5, 6-di hydr o-4H 1, 3-t hi azi n- 2-

am ne' 370, 372 (Mt1l) 15) N {4- [3

- (5- Met hoxy-pyridin-3 - n -4-methyl - 5

, 6-di hydro-4H [1, 3]t hi az.el%g)%“ai P{hi -acet am de 356

( M+ 1) NA5K3-biSinobhdngt) (43methA- 5, 6- dﬁlydl’pyer—dBnhiazin—}yl)acetamide
-yl ) phenyl) - 4- net hyl -

5, 6-di hydro-4H-1, 3- thIEZIn 2 y etam de 344 (M+l) 1
The t-but oxycar bonyl OHEDN s ved under reaction
conditions. -31-

To a 0 °C solution of 4-(3-bromo-phenyl)-4-methyl-5,6-dihydro-4H-[1,3 Jthiazin-
2-ylamine (10 g, 35 mmoles, 1 equiv) and triethylamine (4.3 g, 42 mmoles, 1.2 equiv) in
dichloromethane (70 mL) is added dropwise acetyl chloride (2.8 g, 35 mmoles, 1 equiv)
over 5 minutes. The reaction is allowed to warm to ambient temperature. After 1 h, the
reaction is diluted with dichloromethane and extracted with water. The organic layers are
separated, dried over magnesium sulfate, filtered, and concentrated under reduced
pressure. The resulting residue is purified by silica gel chromatography eluting with
hexane: ethyl acetate (1:1) to give the title compound (87% yield): MS (m/z): 327, 329
(M+1).

Preparation 14
(S)-N-[4-(3-Bromo-phenyl)-4-methyl-5,6-dihydro-4H-[ 1,3]thiazin-2-yl1]-
acetamide
4-(3-bromo-phenyl)-4-methyl-5,6-dihydro-4H-[1,3]thiazin-2-ylamine (20 g, 61
mmole) is purified by HPLC chiral separation [Column: 8 x 32 ¢cm chiralpak AD; Eluent:
60:40:0.2 (isopropyl alcohol : heptanes: dimethylethylamine); Flow: 350 mL/min at UV
260 nm]. The second eluting isomer is isolated to provide the enantiomerically enriched

title compound (35% Yield): MS (m/z): 327, 329 (M+1)



Preparation 16

(S)-4-(3-(2-fluoropyridin-3-yl)phenyl)-4-nethyl -5, 6-di
wWhy@pa34ty 1, 3-t hi azin-2-am ne To a sol uti on OPCT/US2009/040589

(S)-N-(4-(3-(2-fluoropyridin-3-yl)phenyl)-4-nethyl-5,6

-di hydro- 54H 1, 3-thi azin-2-yl)acetam de (450ny, 1 3

mol es) in nmethanol (40 nmL) -2 added a sol uti on of

K2CO3 (210 ny, 1.5 mmoles) in nethanol: water (2:1,

15nmL). The reaction is stirred at roomtenperature for

6 h. The solvent is renoved under reduced pressure and

the residue is dissol vedPrieparatinyllSacet ate. The et hyl

te,l r a
R o S M S b D B P S PP g2
concentrated under ylersdmiediqrredat estéro gi ve a
residue. The residue }s purlfled by using SCX col um

chr omat ogr aphy to gHﬁe|the t|t ji ound (65% vyield):
MS (nmfz): 302 (M+1) N 6mgs 4-(3

- br ono- 4- quorophenyl) thl , 6-di hydro-4H-1, 3

-thiazin-2 -am ne ss, To a sol ution of
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reaction mixture is warned to 60 C. After 15 ,
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basic with saturated sodi umbicarbonate
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cthisit deeBitet (hilami givethy fiflacetmonde7Toyied s MSJQ:nn/zm 42ff (M+1)
(S)-4-(3-brono-4-fluorophenyl)-4-nmethyl-5, 6-di hydro-4H
-1,3- thiazin-2-amne (550 ng, 1.8 mmoles, 1.0 equiV)
I n t eThafoyidwoiksioapondOinflaplel Sarapdpaed esSeialby fis dtbdrided in the
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%us m xture is extracted with dichl oronethane. The
o?ﬁg T phase i s separated and washed with 1N HCl1 and
saturated aqueous NaCl, dried over nagnesium sul f ate,
filtered, and concentrated 5under reduced pressure to
give the title conpound (83 %vyield): M5 (nmz) 345,
347 (M+l). Preparation 19 (5)-tert-butyl
4- (4-fluoro-3-(pyrazi n-2-yl)phenyl)-4-net hyl -5, 6-di hyd
ro-4H 1, 3-thi azi n102-yl carbamate A sol ution of (5)-
[4-(3
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15¢

LYSY &PBI 2B Abro%5t 2-fluoro-pyridin-3-yl)-
phenyl]-4-methyl-5,6-dihydro-4H-[1,3]thiazin-2-yl} -

carbamic acid rert-butyl ester

438 (M+1)

15h

(S)-tert-butyl 4-(2,4-difluoro-5-(5-fluoropyridin-3-
yl)phenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-

ylcarbamate

438 (M+1)

151

(S)-4-(2-chloro-5-(5-chloro-2-fluoropyridin-3-
yl)phenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-

amine’

370, 372 (M+1)

15j

N-{4-[3-(5-Methoxy-pyridin-3-yl)-phenyl]-4-methyl-
5,6-dihydro-4H-[1,3]thiazin-2-yl}-acetamide

356 (M+1)

15k

(S)-N-(4-(3-(2-fluoropyridin-3-yl)phenyl)-4-methyl-

344 (M+1)

5,6-dihydro-4H-1,3-thiazin-2-yl)acetamide

! The r-butoxycarbonyl group was cleaved under reaction conditions.
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(R) - N4S) - 2- (3- br onp- 4-f | uor ophenyl) - 4- met hyl pent - 4- en-
2-y1l)-2-net hyl propane-2- sul finam de K&-E01905-021-2

wa ane/134607 C sol uti on of PCT/US2009/040589

(R Z)-N(1-(3-brono-4-fluorophenyl)ethylidene)-2-

nmet hyl propane- 2-sul fi nam de (10 g, 31 nmmoles, 1.0
equiv) in dichloronethane (180 nL) is slowy added
2-met hyl al | yl magnesi um chloride (0.5 Min THF, 250 ni,
125.92 nmoles, 4 equiv). After 2 h, the reaction is
guenched with saturated anmoni um chl ori de and
extracted wi th et hyl acetraparatioméésol vent is renopved

&‘jﬁ- QoS li%pglﬁlcrﬁlg W@B&ggh{/ Bgtlll§10§ &3l h&n&% 481 @Hﬁiiaﬁih-‘%gamine

ca ge
gradlent of dichl orong

ethyl acetate to give:!ﬁ- t'tle 9@ ound (35 %vyield):
Ms (nmlz): 376, 378 (MI). ) ﬂratlon 22

(S)-2- (3 bronD 4- quoroph*f 1) 4 nmet hyl pent - 4- en- 2

-am ne To a soluti

(R) - NTP efﬁlutzon(%f @W&%1%r(%ﬂ%?nyﬁﬂéhm)plwnhwﬂmﬂaéﬁé dindro-
AH2t ylﬂlam@z%ng@eumh@(f@m%er 32m%iélefsj lmﬁeﬂcaﬁol((lo §1L§ is adddd a

nol es, 1 equi V) I oxane m) is ad

ﬁ9lﬂp%@ﬁ<2m3 64 10cres. (14, pmpes)rin Pekhamlo\}(%fﬁléQ I3 55111@) Thepgaction is
SGRG dt %bn'l ‘%nﬁ%ﬂaﬁﬁ@ﬂ)r B The MHLAL i%%erﬁ&%dtuﬁ@er ?ﬁfué&l{ﬂsres's&re and

renoved reduced pressure. To th resi >
éJMe@d@aﬁ diseied imefnddogiats odhusthWiaeeiath dmralt i washgd pitd water and

%tﬁlta%rd%qﬁ%g?ﬁgélaﬁ% §0I31u?1{ m%teaﬁl‘?etra{ a%d cg-ltl’b%?tﬁzﬁt Ly egld

organic p S r|e over sodium's
aﬂuw@hnammtnag@daundbe T reeduecepurgred b3 wrieg S6Xgoluentt he

i RRS e i el @é@ﬂ%@%ﬁ W%

7.02 (t, 1H, J= 8.40Hz), 4.83 (s, 1H), 4.62 (s,

2 47 (d. 1H J= 13.2 Hz) J= 13.2 Hz)
1.44 (s, 3H), 1.36 (s, epm?gﬂéigaratlon 23

(S) - ($){423 (pBerhs-afmotbphdnyDriophianlys §-ddy @t 41yl ahitzid-2eimide

eto dlchloronethane :

yl car banot hi oyl ) benzam de To a solution of
(S)-2-(3-bronn-4-f|uor%gheny - net hyl pent - 4- en- 2- an
ne (1.3 g, 4.6 mol es R NH,n THFE (5 ) is

added benzoyl isothiocyg (0.63 “nL, 4.6 20mmmoles, 1
equiv). The reaction is stirred at roon1tenperature
for 3Tha sdinGorSe (8 piats-buSy] B & BIBVEEh- mmldaroplﬁ@gigmaﬁetpylesg@umgdro-

nd the re is purifjied by si
2 lw-i-gﬂﬁéma&e. ﬁ Syi-{ FPTR01ES) ﬁ@ametama H19MRL)ds adsigd o5
(ﬂﬂlﬂﬁﬂr&fc@t[michia@@ mL h?K@l@@(ﬁlOﬁ OniREre%e GhiGitdas eoret NARE: 15 h, the
hexanes to give the title conmpound (84 %yield): NB

(SﬁliV%I)t is rggx;vedz;g@er(rmgq pregsgre. Wgager is added to the resulting residue and

the mixture is made basic with saturated sodium bicarbonate. The basic aqueous phase is
extracted with dichloromethane. The organic phase is separated, dried over sodium
sulfate, filtered, and the solvent removed under reduced pressure to give the title

compound (62 % yield): MS (m/z): 303, 305 (M+1).

Preparation 18
(S)-N-(4-(3-bromo-4-fluorophenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-yl)acetamide
To a solution of (S)-4-(3-bromo-4-fluorophenyl)-4-methyl-5,6-dihydro-4H-1,3-
thiazin-2-amine (550 mg, 1.8 mmoles, 1.0 equiv) in tetrahydrofuran (20 mL) is added
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Preparation 24
N- ((4S)-4-(3-brono-4-fl uorophenyl)-6-(i odonet hyl) -4, 6-

walzovetibwglz 5, 6- di hydr o- 4H 1, 3- t hi azi n- 2- y1) bene@nisim09/040589

STo a 0 C solution of
(S)-N-(2-(3-brono-4-fluorophenyl)-4-net hyl pent - 4- en- 2-
yl car banot hi oyl ) benzam de (138 g, 3.0 mmvles, 1.0

equi v) in dichloronethane (40 nm.) is added iodine (1.5
g, 5.9 mmoles, 2.0 equiv). The reaction is stirred at

O Cfor 1 h and gradually warnmed to room tenperature.
Phigdine G20 ingn 9 finhalese 5 |esuiq)ue1d@h%id agiidtahhyslaide (220 ez, 2.2 mmoles,

0, e e

phaseed x@tldhclé@tomv@anes dihe urgasiaphat és separhtbé areﬁwahd:l Wlth 1N HCI

ana%a 1%%%3 t?%ufol& r}gaed’l (%jeg%%)%dna rg?l%%ftﬁ" é@%&e glg cf I\e}ﬁ@foncentra?ed

Bﬁé@&lﬂfcﬁtd:d);ﬁes@ﬁe to give the title compound (83 % yield): MS (m/z) 345, 347

SM?T (4-(3-brono-4-fl uorophenyl)-4,6,6-trinethyl-5, 6-
)} ro-4H 1, 3-t hi azi n- 2- 15y|)benzam de To a

sol ution of

N445) - 4- ( 3- br ono- 4- f | uor ophen (1 odonet hyl) -4, 6-

di met hyl - 5, 6- di hydr o- 4H-H 1reBarta¥‘P%\2?n 2-y1) benzani de

( &)A31-Buty-2B1100¥01 & Byradin O-y@pHEY))-4-hethPl- 168y (b-A1-TB3) thiazin-

|€sg)addedy gﬁ azo- glﬁys |sob}§}tﬁyrﬂc§7n)ltr| Ig (0 56 g, 0.03

mol es, 0.15 20equiv) andGFARkutyltin hydride. The

reaction mxture is SNrred N om tenperature for 3

h and concentrated urdd educ ;gdjpr%sure The sol vent

i s removed under reduckd NuNe @nd the residue is

purified by si lica geI ch omatography eluting with a

l'i near, t hy at %

et hyl Aasgfélt% (tS)ﬁ aneg1 P‘ otlluoro gﬁetnﬁg % m?ﬁé@@ﬁmggrﬁd

%,y jtleh)-2- yM&a(bﬁdTﬂc) acidl8b;bud3d E’stérl‘(ﬂ-(]() mg, 258 @moﬂ%ssbama\t)J on

sl mhep by sy L A A Y By 99 B4R ¢
mﬁlﬁd’ﬂylbtalﬁl.yfi)yﬁﬁzhly dyOm4 R A0 | BndlbN, azfuiv) id -dyxplaB 28 idRradfattd in a
97 C uti.on
e ey S8 TN rSeE R A 0.5 B gk forad s, Bhe
dblk}y[d ﬁsOreﬂablvell @d&ﬂ}ba&bmprzsswe)ahe featdidr i furled bg 5iliba dcb
equiv) in 1, 2- d|nethoxyethane (1

é%lwgmﬂgra@by ?lum% with ligger gradicnt o hefant foshexpngegthyl %ot (1:4)
RMhp Q‘O R e-gdve (RO tRYofpdeddd 14 % Q&@ D% gur%? aﬁa@érﬁﬁned @y

cesium carbonate (0.3 nmol es,

églMS/)) NMer{evpi €3t Mdheny! phOShI ne) paI | adi um (11)
chloride (0.022 g, 0.03 mmoles, 0.2 10 equiv). The
reaction mxture is stirred at 97 C for 20 m nutes.
After cooling to roomt efnsparationd0 the reaction

ou af_ th
L O ot B B DR ST SR B ¥z
sulfate, filter ed and conybegstanadeed under reduced
pressyr r eNpy o,
pr essEr 2013%331 %fﬁgj Nz 3dh1§m0 L{Tglﬁoﬁgl?l}%{e}g?%fq eg]?ylllli%%gdﬂé%qro 4H-1,3
fthiawsin 2 ¢blaceamiddr ¢SO frateo §.5 aphylese [l wiuing 2\iubto-& | | near

B Ehoma el B & e G et e R el B 8195 atea
)bliseth{jl)enyl}jﬁos(pl’dnszallaflslaﬁn(ﬁb/&}ilh)r1de (51 mg, 72 umoles, 0.05 equiv) and
08 Rt (68 e ey pplen, LekeEy TRE fratisg ds Hoqiased i o

hyblora@drPeedde microwave to a temperature of 130 °C and held for 3 h. The solvent is
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20sul fi nyl am no) - but yram de To a -78 C sol ution
of N, O-di nethyl hydroxyl am ne hydrochloride (12 g, 130

WOrewbas4616. 0 equiv) in THF (200 nlL) is added nPELUF1009/040589

[ithium (100 nL, 250 nmol es, 10equiv) (2.5 Min

Hexanes) via cannula. The reaction is stirred for 15

m nutes and a 25sol uti on of -33-

(S)-3-((R)-2-net hyl - propane- 2-sul fi nyl am no) - 3- phenyl -
butyric acid nethyl ester (9.5 g, 25 mmoles, 1.0

equiv) in THF (50 nL) is added dropw se. The reaction
iremevgd madkr roluciprGsurandl fraravidas edrified byhalicataehgheoradtogrephy
for. ; r ' [ e - Wt t ] .
Bliaguln 2 iGere AR el s WHRFRE S AR L A B eive
ebet titecoagowidt(B1 &t gill): e (matz¢. 36T +bY. gani ¢ phase is
extracted with water, saturated agueous NaCl, dried

over sodiumsulfate, filtered and concentrated under

r educ@hk falles Bigicempoundiiv €alild1@ istprégaecdeeswpiaiycedddingdto the

i el d).: - 405, 407 (Mr1) . The fol | Qw
DtV ge el aing ehent h i BB aro-
descithesh- Yy kbenpaepar ation of (S)-3 -(3
-BrEm)-phenyI ) - N-net hoxy-N-nmet hyl -3 - (R)-(2

S)Pfe@i 8- lor ono- 4-f 1 uor op eénr%%fi e ((R-1, 1- MS (m/z)
ilret hyl et hyl sul fi nam do) - N- met hoxy- N

met % a?ut affari-re (242 diflugess-(3hMiuyopyrazin-2-yl)phenyl)- 4 ()
(9) - 851 5-|br 9121 4-di: 17 3 - - 27Bui et
hyl et hyl slul fq:ﬁﬁ% '1égsélﬁ#rgfﬁgl%%)nn%méﬁgﬁ%%am de

441, 443

} —Table

0 Prepg. [No. Chenical n rre.Ph§4si cal data M5 (m Zhysiphdata
q

i

Preparation 21
(R)-N-((S)-2-(3-bromo-4-fluorophenyl)-4-methylpent-4-en-2-yl)-2-methylpropane-2-
sulfinamide

KG2-E01905-021-2

Br

To a 0 °C solution of (R,Z)-N-(1-(3-bromo-4-fluorophenyl)ethylidene)-2-
methylpropane-2-sulfinamide (10 g, 31 mmoles, 1.0 equiv) in dichloromethane (100 mL)
is slowly added 2-methylallylmagnesium chloride (0.5 M in THF, 250 mL, 125.92
mmoles, 4 equiv). After 2 h, the reaction is quenched with saturated ammonium chloride
and extracted with ethyl acetate. The solvent is removed under reduced pressure and the
residue is purified by silica gel chromatography eluting with a linear gradient of
dichloromethane to 10% dichloromethane : ethyl acetate to give the title compound (35 %

yield): MS (m/z): 376, 378 (M+1).
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(M+l) Preparation 28 (R)-2-Mthyl-propane-2-sulfinic
acid [(S)-1 -(3 -brono-phenyl)-1-nmethyl-3 -oxo-butyl]

WO 2aef13s17 031\ 1H O 15To a -78 C sol ution of PCT/US2009/040589

(S)-3-(3-brono-phenyl) - N-net hoxy- N-net hyl- 3- (R) - ( 2-
met hyl - pr opane- 2-sul fi nyl am no) - butyram de (1.5 g, 3.7
moles; 1.0 equiv) in THF (53-nL) is added

nmet hyl magnesi um brom de (6.2 ni, 18.5 mmoles, 5.0
equiv) and the reaction is allowed to warned to

anbi ent tenperature. After 1 h, the reaction is cool ed
to -78 C and quenched wiRdepsation22ed aqueous ammoni um

chl ori de. i e il ' . and
extracted @F?ﬁgéﬁhy'iggéPg%ggb%%g&gw'é%%é%%%ééggis
dried over sodium -38- sulfaghl;filtered, and
concentrated under redué ( e to give the title
compound (>95 % yield): z) 360, 362 (M1)

The follow ng compounds in Table 11 are prepared

essentrb akbyti@sofdR SO DEX (3L itoiba-hidrspRadydt 4-8Rthgfpent-4-en-2-y1)-
R) - 2- Met hyl - propane- 2- i ni '

pane-2-sulfinic acid . . )
PesyipioBsr ORI/ -8 S heRRYIEs [ 3axbndett frTanand Bé) s
Tallaaydb Bt @ﬂ’orid@?.o et £aloxARMEs ROy Stiatactat & stided for 5
(mz) 28a (Eb;hn ) - 2- ( 3- brono- 4- f | uor opheny1) - 4-
R BEeTRId henopventis remoy pd niklebisdved presting. | Trahf ereidsy 8 2ddslo
@%@ed%%ous sodium bicarbonate and the mixture is extracted with ethyl acetate.
The combined organic phase is dried over sodium sulfate, filtered and concentrated under
reduced pressure to give the title compound (97 % yield): 'H NMR(CDCls;, 400MHz) &
7.66 (dd, 1H, J=6.40, J=2.80Hz), 7.37-7.33 (m, 1H), 7.02 (t, 1H, J=8.40Hz), 4.83 (s,
1H), 4.62 (s, 1H), 2.47 (d, 1H, J=13.2 Hz), 2.35 (d, 1H, J=13.2 Hz), 1.44 (s, 3H), 1.36
(s, 3H).

Preparation 23

(S)-N-(2-(3-bromo-4-fluorophenyl)-4-methylpent-4-en-2-ylcarbamothioyl)benzamide

JSL 0O
Br <N N
H H
F

To a solution of (S)-2-(3-bromo-4-fluorophenyl)-4-methylpent-4-en-2-amine (1.3
g, 4.6 mmoles, 1.0 equiv) in THF (5 mL) is added benzoyl isothiocyanate (0.63 mL, 4.6
mmoles, 1 equiv). The reaction is stirred at room temperature for 3 h. The solvent is
removed under reduced pressure and the residue is purified by silica gel chromatography
eluting with a linear gradient of 20 % dichloromethane : hexanes to 50 %
dichloromethane : hexanes to give the title compound (84 % yield): MS (m/z): 457, 459
(M+23).



10

15

20

25

(R-N((S)-2-(5-bronmo-2, 4-di fl uorophenyl) - 4-
oxopent an- 2-y1) - 2- et hyl pr opane- 2- sul fi nam de 396, 398

W@ Mo)i346PT epar ation 29 10(R)-N-((2 §)-2-(3 PCT/US2009/040589

- br onophenyl) - 4- hydr oxyp entan-2-y1)-2-nethyl prop

ane- 2-sul finam de PG6- E01647-028 7 03-NH OH

To a solution of (R)-2-nethysspropane-2-sulfinic acid
[ (S)-1-(3-brono-phenyl)-1- nethyl-3-oxo-butyl]-amn de
(1.34 g, 3.5 moles, 1.0 equiv) in nethanol (20 nL) is
added 15sodi um tetrahydroborate (1.4 g, 35 mol es,
10.0 equiv). The reacti dreparagpn2ded at anbi ent

SRS S N T SRR SO b 1.

organi c phase is dr|edmmmmﬁyibduamusulfate and the
solvent is renoved under reduced pressure to give a
m xture a diastereomers. TheXdi astereoners are

separ at ed by chronatogr.‘- gh\ a gel (120 g)
eluting with a gradient 0H50) _20et hyl acet at e:
hexane to (100: 0) eth?l acet ate: hexane. The second

el uti mgaiosonentibsof 89lMated &&ﬂomtmlo&@hmm)u ﬁ@ﬂ@}p@ﬁk 4 en 2-

under reduced pressure to ve the title conpou
SiGaeaothioydberanifsdl-¢ £53-9 Oéerd} 0 ewrsvxlﬁﬂﬂﬂor%ezhansé‘&? mL) i
(ah/éfeh)lodmé/@ 5%’%’ R E%W@Me%@ﬁ &tirrd@at 0 °C for 1 hRRd

| owi ng npounds in 12 are prepared
é@éﬂiy \mrnvd HbrogBIeTRBEEC] by wectwﬂélﬁawtls ayrengled with saturated

(a@eow gcﬁ)un?ﬂliogull?a{t@ hisi%) gﬂéloqlg Iagelhy 9}&1045%@ %nth %th?oréﬁﬁathegle rr?he

| propane2-sul fi nam . Chem cal
rﬁ;gmbmahyrgﬁrggphadgtsairl%ow(qﬁ spyhuglgsglfate ﬁltered and concentrated under

(RO (il 1861 SaR AR Junl PORDERY LM im/z): 561, 563 (M+1).

Preparation 25
(S)-N-(4-(3-bromo-4-fluorophenyl)-4,6,6-trimethyl-5,6-dihydro-4H-1,3-thiazin-2-

yl)benzamide

ﬁ S 0O
BrD\N N/)\”J\©

To a solution of N-((4S)-4-(3-bromo-4-fluorophenyl)-6-(iodomethyl)-4,6-
dimethyl-5,6-dihydro-4H-1,3-thiazin-2-yl)benzamide (0.13 g, 0.23 mmoles, 1.0 equiv) in
toluene (1.5 mL) is added 2-2’-azo-bis-isobutyronitrile (0.006 g, 0.03 mmoles, 0.15
equiv) and tri-n-butyltin hydride. The reaction mixture is stirred at room temperature for
3 h and concentrated under reduced pressure. The solvent is removed under reduced
pressure and the residue is purified by silica gel chromatography eluting with a linear
gradient of 5% ethyl acetate : hexanes to 20 % ethyl acetate : hexanes to give the title
compound (25 % yield): MS (m/z): 435, 437 (M+1).
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2 hydr oxypent an- 2-y1) - 2- met hyl pr opane- 2- sul fi nam de
380, 382 (M+1) 29b

W@ R0INB46(25) - 2- (5- br ono- 2, 4-di f | uor opheny1l) - 4- PCT/US2009/040589

hydr oxypent an- 2- y1) - 2- met hyl pr opane- 2- sul fi nam de
398, 400 (M+l) 52 The title conpound was isol ated and
used as a mxture of diasterg@ners. 3 The title
conmpound was isol ated and used as a 65:35 m xture of
di ast ereoners. Preparation 30

(S)-4- Ami no- 4- ( 3- brono- phenyl) - pent an-2-ol HCl NH CH
10A sol ution of hydrogenPrehamationid6 (5 nl; 13 equiv; 20

2{%?}_\1-‘;?5@ﬁ3%3%@81g53g&§%§§8@?m466,%g}mdethyl-s,6-dihydro-4H-1,3-thiazin-

[ (S)-1-(3-brono-phenyl) - Byhyazoxige | - met hyl -

butyl]-am de (570 ng, 1.6 les, 1.0 equiv) as a
si ngl e di astereomner i@N tirredsfey 5 mnutes. The
solvent is renoved u dhead sure and the
residue i s nmade basic m@ sat uHat aqueous sodi um

bi carbonate. The aqueous phase is extracted with

153! crb ar9|o :C‘T@tsbﬂaﬁgh_ olfTB)SNgﬂigﬂﬁgoﬁlopﬁhﬂﬁ@oli)lﬁ:nﬂlghgi,cbd@l‘{&fhylé,6-
sodiumsulfate, filtered, and_concentrated under
AlhydroskT iroBegha-yiperagute Ado7 Bt & @m@f?édn%?q% ¥ hz) :
30BethB3EBthai 1. mL), ethanbl@. f ALY 23 WiBerG QORAYRGSIdb A pyhaRiliBe-5-
13 are prepared essentially as described in the
?Gfﬂn@p?é}da(pio% g% 77 mmoles, 5.0 équiv), cesium carbonate (0.301 g, 0.92 mmoles,

VAT Qs (iphdn i o 3 Ted B
Ve STy TR BP ANk P BRICT00 g (AR fimbits, 0.2

chd- cldie repgien Py satirgdetd7 °C for 20 minutes. After cooling to room
temperature, the reaction mixture is poured into water and extracted with ethyl acetate.
The organic phase is dried over sodium sulfate, filtered, and concentrated under reduced
pressure. The solvent is removed under reduced pressure and the residue is purified by
silica gel flash column chromatography eluting with a linear gradient of dichloromethane
to 15% cthyl acetate : dichloromethane to give the title compound (46 % yield): MS
(m/z): 435 (M+1).

Preparation 27
(S)-3-(3-Bromo-phenyl)-N-methoxy-N-methyl-3-(R)-(2-methyl-propane-2-

sulfinylamino)-butyramide

To a -78 °C solution of N, O-dimethylhydroxylamine hydrochloride (12 g, 130
mmoles, 5.0 equiv) in THF (200 mL) is added #-butyl lithium (100 mL, 250 mmoles,
10equiv) (2.5 M in Hexanes) via cannula. The reaction is stirred for 15 minutes and a
solution of (S)-3-((R)-2-methyl-propane-2-sulfinylamino)-3-phenyl-butyric acid methyl
ester (9.5 g, 25 mmoles, 1.0 equiv) in THF (50 mL) is added dropwise. The reaction is

warmed to -60 °C, and maintained at that temperature for 1 h. The reaction is quenched



M5 (mz) 30a

(45) - 4- am no- 4- (5- brono- 2, 4-di f| uor ophenyl ) pent an-
wWQ20243480, 382 (Mtl) 4 The title conpound wasPCHUB2DEH0589

as a mxture of diastereoners. Preparation 31

Tert-butyl (45,6R)-4-(3

- bronophenyl) - 4, 6- di met hyl- 53%- di hydro-4H 1, 3

-thiazin-2 - ylcarbanmate 5 To a solution of

(S)-4-am no-4-(3-brono-phenyl ) - pentan-2-ol (410 ny,

794 'noles) as a single diastereoner in THF (10 nmL) is

adtedtubitesi(agnéave tinglogiumydh)arde fdilutsd oathetaari ad e@@4edmgith ethyl

St OB 30 AL SR LA SRR (75 v

sodinmedfdtgfiltirch andl.@)'ﬁhﬁltna&:dmhden medutoct preseurie $o give the title

BRI L7 okl s KR APSGBA PRI oo (25 m 125

mml es) and the reaction is heated to 100 C. After 48

h, vent is re er reduced sure and,.
Che r06F GV ol Riey Bt RS SRS hriocd in the
padpuiaabiest (Spai3umrithe phdaonat fethd Q- N’-n)ethyTQ Rhe2- meﬂltyuplepane 2-
is added di-tert-butyl dicarbonate (347 ng, 1
ﬁﬂlgPé]%‘}“nQ?\B“W’ﬁ‘g“ﬁleeactl on is 15 stirred for 48 h The
regglciion is diluted wwth water and extracted with
dirci:gy offet hane.” The organi ¢ phase 1s dried 0V}ﬁ{ysmaldata
sodi um sul fate, filtemdmicanthneoncent rated uynder
r edubied pressure The product is purified by si MSda/z)
gel ettt ;| nexang to
hexane: et hyI )(ye{igliogﬁ(zgﬂ%?g&gh??gé@%lﬁﬁt es to give
the 27at | @ conpioethyletisMdiviamidd)-Nr@othpuyrNt y as 423, 425 (M+1)
determ ned by LCMS): mw%ﬁbutazn)aﬁqia%gg’ 401 (M¥1). 20
Prepar atijon 32
Tert - but yl - ($B3- @Q)roﬂao(ﬂ»mﬂoasmpkﬂenjzll)ﬁqm))phmy1) -4, 6-di me

fb\hyl %'&)[ 1di-hy glmethytcl-thy’lsulﬁnamlcﬁo% |NnmethXx Cl%[ bargt f41, 443 (M+1)

on of
(R - N-((25) - 2- ( 3- br onmtiffdutanaim@rheny1) - 4- hydr oxypent an
- 2y - 2.1 25net hyl propane-2-sulfinam-de-as 1.5

n1xture of diastereonmers (2 g,1.0 equiv) in dioxane
-41- (5nmL) is added dr opwfepfratign 39! ution of 4N
hydrogen chloride in dioxane (20 nL, 80 nmoles) at O
c(Rkagﬂqt@é@tqpaW -}sul{ipic peld (¢S 1r(ét?ﬁ‘?ntl%ﬁlﬁ‘@b’]étlGfl@hidrﬁdoxo-butyl
stirred for 5 mnutes. The gghvent is renoved under
reduced pressure and the residue is made basic with
sat urated aqueous sodi um bi bonat e. The aqueous
phase is extracted wi th 5di chl oronet hane. The organic
phase is dried over sodluntﬁﬁhmate filtered, and

Br

To a -78 °C solution of (S)-3-(3-bromo-phenyl)-N-methoxy-N-methyl-3-(R)-(2-
methyl-propane-2-sulfinylamino)-butyramide (1.5 g, 3.7 mmoles; 1.0 equiv) in THF (53
mL) is added methylmagnesium bromide (6.2 mL, 18.5 mmoles, 5.0 equiv) and the
reaction is allowed to warmed to ambient temperature. After 1 h, the reaction is cooled to
-78 °C and quenched with saturated aqueous ammonium chloride. The mixture is diluted

with water and extracted with ethyl acetate. The organic phase is dried over sodium
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concentrated under reduced pressure. The
resulting residue is dissolved in THF (50 nL) and

w@owbashetd 0 C. Benzoyl isothiocyanate (1.7 g,PADUS2009/040589

nmol es) i s added dropw se. The reaction is stirred for

1 h. The reaction mxture is concentrated under

reduced pressure. The residug-is dissolved in

10di oxane (5 nL) and transferred to a thick-walled

gl ass reaction vessel. To the solution is added 5 N

hydrogen chloride (75 nL, 375 mmoles). The reaction

velérefilierd cag gentcatradededtiaddicod pBEHUE. to Afve dlre il campound (>95

0l Ment 4 reduced pressure and the

DM I 0% et veen THE (20 ) and

saturat ed aqueous sodi um bi carbonate (10 m_) To the

e RS b R Y B RREPRBY By B R e

IpepaitatiomnofRY LM ethy1sprahiaherl 8 difinictabidvies) lr-(3sbrome: )phdSI@rDt leslethyl-
th di gﬂl or.onet hane. The organic phase is dried over

Wt Pdte, filtered, and concentrated under

reﬂlu[éeld pressure. The residue is purified by colum

chromat ography using silica gel (340 g) el ut]i ngwwedifaa@

gn &dipeNv. [of (0: 100) EtChehiatednat e: Hexane to (58)/: 5

Et hyl acetate: Hexane over 25 min. The second e@@tﬂ"ﬁé

dirastereoner (18169 85 BbANE iR Bro Eﬁ]&lyﬁqﬂ vent| renoved

undepsd educed pressure to give M AU & (M+1)

Pr epar at i jonogwentamad-yk3- H@tha’bmm@ma-su lnamlde

tt:‘lt-butyl-\ Nl o heny 1) —4,6-
A A A R S ISR
(m z): 417 omm@way)l) -2- amdlyl%rcmaaer &tsulﬁnarﬁlﬂa

I\I‘\(45 G )"—P \O UI UIIU ‘-|' IIUUI UIJIICIIyJ.)"—P U UI LI} thyl'S,G
-di hydro4H-1, 3-thi azi n-2-yl) benzam de: MS (nfz) 421,
423 (Mrl) 25 Preparati orPrdparation 29

( @&F z@h@% grqnmpg%yﬂ ‘gf‘y:g%’% entalyié%’lédn%{lqﬂp@p@%l{]fqlg}?mlde

PG6-E01647-028
(4S) 4- am no- 4- (5- brono- 2, 4-di fl uor ophenyl ) pent an- 2- ol

(1.3 g, 4 4 moles) as a meure of diastereoners in

THF (50 nL) is added benzoyl i sot hi ocyanate (1.4 g,

1.2 nmol es) dropwi se and tife . f8a@ion is stirred for 1

h. The reaction mxture®| ntrat ed under reduced
pressure. The residue is ol ved in 5di oxane (5 )

and transferred to a thick-walled glass reacti

vessello avplutigneofiRy2upethyil-progagredtsufinge ﬁg}éi@@réﬂ@fﬂnawhf@yl) 1-
we%lanﬁaoxg %ﬁty’[ﬂ‘”&?ﬁﬁé@l ﬁngd 3tshemigaglo e‘aﬁwb f rﬁ&ﬁa{n%fj(zb n1hQ0added

he solVent is renoved under reduce
] lﬁ?t@hadir@lbqrﬁe (I-&8i Fuemplss, dP §saviy b dhiercaghenis stirpykat
39485, LRl PSR Lo M
\mdtrewtc{é ethyt bdetato fiderwrdapit. phateas dirddovof sodwm sufhtPAnpthasavent is
i [t p
L e sl Mol fl LhERRppE. HEBL AL
(anmepamdd byT ﬁ&omathgfap}ammitoe gelx Emg)telutmg ovitheradiet of (50: 50)

SRR b O RE P e pi RS B op A JRL IR
tismtamﬂgalnd ahel\dbﬁzleletqembwehmaﬂ@decﬁam redsuiag givatheide Whipound as a

gm 5Stere19ﬁ‘é’r %&%\W %n %@F@mﬁﬁg@@%ﬂ%& gdlgn (I;/le ? tl;'e

sol vent renoved under reduced pressure. The residue is
conbined with the title conpound fromthe chl oroform

| PA extraction to give the title conpound as a m xture
of (6R and 6S)

(4S) - 4- (5-brono2, 4-di fl uorophenyl) -4, 6-di net hy1-5, 6-di
hydro-4H 1, 3-thiazin-2-amne (64%yield, 80%purity as
determined by LCVS): M5 (mz): 335, 337 (Mtl). 20
Preparation 34 tert-butyl

(45, 6R) - 4- (5- brono- 2, 4-di fl uor opheny1) - 4, 6-di et hy1- 5,
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thi azi n-2-yl carbamate 25To a mixture of (6R and 6S)
(45) - 4-(5-brono-2, 4-di fl uorophenyl) -4, 6-di net hy1-

WG 2@9d340yTr 0- 4H- 1, 3-t hi azi n-2-am ne in THF ( 20PEAYSmNn040589

sat urat ed aqueous sodi um bi carbonate (10 nlL) is added

di -tert-butyl dicarbonate (900 ng, 4.1 mmoles). After

2 h, the reaction is diluted3smth water and extracted

wi t h di chl oronet hane. The organic phase is dried over
sodium sul fate, filtered, and concentrated under

reduced pressure. The -43- product is purified by

si | i cdhgwllowingtcomgowids i Table ldeaafrprglvaa@ﬂ arntialfy dyalksonibed io the

L L e

rzesuifmnhld@nder reduced pressure to give the title: (43%
[ o MS (m 435, 437 M1 5P ti 35
%/Iﬁilb%)alg\ (mz): ( ). reparation

+9, O 4 6-—bBt++ret hyl 4 \\J pyllllldl A5 yl pllc |‘y'1\ 5-6
Plysicdl data

di r H[ 1, 3] thiazi arbam c acid
te?%/égbﬁtoyl ester N)s ghgml}'%sna %NI 0j 7 H 10To fa 108 (f/z)

solution tert-butvl

(45, 6R) - 4- (3 BR oM SRy promed-dpiephspyDe- 6.
iy i bBi@zD DY 2: Mletﬁ@pa@ﬁ%tﬁsumnamlde 380, 382 (M

1,2-dinethoxyethane: water hanal 1, 12

m] | added(R)rNr(@Sk?ﬁ@b@Hf?o% #idghrorophenyl)-4-

p) fi i ne o ( | 38500 (M+1)
ui vy, bi s(tlr%’g egﬁl\P/% gﬁoso tﬁ%@{%alf %ﬂ nli% ‘khloride
( igﬁig titld Somproihe svas Bolated qud wed andmoesi lgﬁﬂlamrb@na“s e

( .74 tigle cdmindwo$ Bslated andjused ks a AF:3 emixd@re of dinttesomdrhe
reaction is 15 cooled to anbient tenperature, diluted
wth water, and extr act eRrepartakionlB@ hl or onet hane. The
organi c phase ried sodi,um sul f at filtered,
and concent rat & %)Aﬁﬁalé o éeﬁr@gl& RhPd Epgngen 2‘?’?116 resi due
is purified by silica gel flagh colum chromatography
eluting with a linear gradi ephiHoPH hexane to hexane:
ethyl acetate (5:2) ovef' s to give the title
conpound (39% yield): M ( ): 399 (M+1l). 20 The

fol | ow nF] ngl?unds in Table 14 are prepared
essentisalutign gkhydecgen piedde (A nllid 3 gaupaifaninelas) ¢4 M in dioxane)

%ﬁﬁé@g% ﬁf/ﬁp@?&ﬁb%i‘f'ﬁc i) |§€§)f 1 -8-GHofvoPn¥ly ?ﬁ?ﬂf%%}at—y hyl-

i azi n-2-yl]-carbam c aci '
é)gb'é]ramldtV@M 09! .6 3nsARPCY/cUE2 06 Y Do terepmer Fesbiired fios 5

Eﬁiﬁlptes. I\{“—1’1'6 solvent is removed under reduced pressure and the residue is made basic

with saturated aqueous sodium bicarbonate. The aqueous phase is extracted with
dichloromethane. The organic phase is dried over sodium sulfate, filtered, and
concentrated under reduced pressure to give the title compound: MS (m/z): 358, 360
(M+1).

The following compounds in Table 13 are prepared essentially as described in the
preparation of (S)-4-Amino-4-(3-bromo-phenyl)-pentan-2-ol.
Table 13
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Chem cal name Physical data M5 (mz) 35a tert-butyl
(45,6R)-4-(4-fluoro-3-(pyrimdin-5-

wQ@kgophawyll) - 4, 6- di net hyl-5, 6-di hydro-4H 1, 3- PCT/US2009/040589

t hi azi n-2-yl carbamate5 417 (M+1l) 35b tert-butyl
(45,6R)-4- (2, 4-di fluoro-5-(pyrimdin-5-

yl ) phenyl) - 4, 6- di net hyl-5, 6-40-hydro- 4H 1, 3-

t hi azi n-2-yl carbanate 435 (Mtl) 5 Isolated as a

m xture of title conmpound and

N-((45,6R)-4-(3-brono-4-fl uorophenyl) -

4,6-di netlhyl -5, 6- dlhydro 4H 1, 3-t hi azi n- 2- yl)béﬁwamﬂdma
CIRsPONPZ) T 421 (Mel) . CBemiSEMARMEON 36 51- br onp- 3viS (m/2)
-(prop-1-len-2-yl )benzene Methyl tri phenyl phosphoni d
brnom de (|[3B4S§g-an9ido-9:Frbtodsy-2,4-dBlweephsnyDpentadspended i n
tetraPddrlof uran (100 ) gyg cooled to 0 C. |380,382(M+I)
NfButyllifthium(2.5Min h nes, 27.0 g, 97.7 mol es,

39. Thehikle cdmﬁouﬁﬂlWaé/)sol'aﬁ:d@Qﬁiﬁﬁjxtﬁﬂe@‘f\hiﬁstéreoﬁré‘r@ m xture via
an 10addition funnel The resulting solution is stirred
for 1 hat 0 C. Asolution of 3- bronpacetophenone
(15.0 g, 75.3 mmoles, 10Pmp#ation3d equiv) in

tety 1315@14 ﬁﬁ%l)opre%y@%edné!hgmk r; dvﬁyaroam addhibian-
funnel he resulting mxture is wafmed to room
tenperature and stirred fygarBamgte The reaction is
cooled to OC and quenched wi {h saturated aqueous

amoni um chl ori de solutlon ‘E ayers are partitioned
in a separatory 15funn r )pemaqgeous phase is
extracted with hexaneéjgiﬁ ¢r|ﬁe organi ¢ phase is
dri ed over anhydrous so msulfate, filtered, and
allowed to sta ernlg

or gaﬁﬁe LSHLER 9 2513%&%’1%‘{; t?rB‘ﬁ‘Pé’gﬁryl)cﬁnB gfoj (‘glr‘?dng’%“

qemmsraada uu@@éorﬁ@durﬁrd(mﬁewraededThe resul ting
olidis with _ hexanes and filtered. The

&fSéterlﬁt%rtlwtrlélu%a%%ean% 20 maxhAbemoleRl 4ffqr rhabel%

GRIAEEREAL @99 a{g 1.5 Rfnd1&5 W ddbQBarGhwik & M enel rSachbN 1sfsli@&l BP1 h.
by silica gel fiash colum chronatog rapﬁy (hexanes) to
N

ihg Ecagtinn ixpUreis corpsBiier yagurdiced aessuteH T eepimegresidue is
%Q@ddl'f!zl‘)l h?drlg_‘ge"r’r%hfo'rlde @2'5" mﬂ ‘1%5 Y'rgnd'[gs} and7th<4 feaZtro’t)iQS ﬁéﬂed%’b

]1[-)9 °C 2Aﬁ3r 4‘@ I 1he(snive13|+g remov@ under reduced pressure and the re51due is

%QIQI? ode%l%@gv]ep %%36) 91%/) Qrfld)sélﬁr?ated sodium bicarbonate (10 mL). To the

mixture is added di-fers-butyl dicarbonate (347 mg, 1.6 mmoles) and the reaction is

stirred for 48 h. The reaction is diluted with water and extracted with dichloromethane.

The organic phase is dried over sodium sulfate, filtered, and concentrated under reduced
pressure. The product is purified by silica gel eluting with a linear gradient of hexane to
hexane: ethyl acetate (5:2) over 20 minutes to give the title compound (52% Yield, 70%
purity as determined by LCMS): MS (m/z): 399, 401 (M+1).

Preparation 32
Tert-butyl-(4S,6R)-4-(3-bromo-4-fluorophenyl)-4,6-dimethyl-5,6-dihydro-4H-1,3-
thiazin-2-ylcarbamate
A solution of (R)-N-((25)-2-(3-bromo-4-fluorophenyl)-4-hydroxypentan-2-yl)-2-

methylpropane-2-sulfinamide as a 1:5 mixture of diastercomers (2 g,1.0 equiv) in dioxane
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-45- The foll ow ng compound in Table 15 is
prepared essentially according to the preparation of

WA 20900881 3- (prop- 1-en- 2-yl ) benzene. Tabl e 15 PPEpUSINOG9/040589

Chemi cal name Physical data 36a

2- brono-1-fl uoro-4-(prop-1-en-2-yl)benzene See bel owe
561H NVR(CDC13, 400MHz): 6 7481 (dd, 1H, J= 6.8,
2.2Hz), 7.36-7.32 (m 1H), 7.05 (t, 1H, J= 8.4Hz),
5.29 (s, 1H), 5.09-5.07 (m 1H), 2.10-2.09 (m 3H)
Preparati on 37 Ethyl

45108} ib pdded ghapmyst)te olimyatirad ¥ derdtogdn engakean divge (20 mL, 80

DABHADIID ) BRI ool o SR SR PO
fbe s@v&it Mreapedaddededtédpreglig erdihatreidud & dadg,ba87 wirth,

187 1 les, 3 equiv),an terbi um . )

St RE5us eRaRhiuRat, ok Sl Bhase is segered i
rfichloce@metihng. helongdnic plivee Fidxkitdioer sedigh kuilfagg fivred, ring ht

at roomtenperature. The m xture is concentrated under
F%la‘iﬁatéade%‘f‘@rgrsfﬁ WA RESH Y uted with diethyl ether. The

resul !Ihalgsﬂﬁ@g)ﬂeuﬂ%@i@ dig@lmsiﬂ eﬂﬁt(z@ £18) d dg_om&(em T(]E.TBéhzoyl
Qrgani c aver 1S rie over nnydr ou sodalLum su te,
fijofpieayarpte @ dBndunelpa tedld %fePW&S%Jile EQCings §tHFﬁ‘é‘éf01‘rHé

M@ kdb@onl MHixAME islcbRentydted dld@sRdieed Prsufd) MIRRdsREIE 2R1%0REd in
silica gel (330g) in two batches usi n(% a gradi ent of

dlioratRe dplhand gé@%%feéﬁ%%%eﬁalké gippelcartionacssely [Te the solution is
GRIGIGU ﬂy((rg%e%’c}ﬂo?ildg {75 nt] 3”%&6@?1'31?16 RRQ M) i8cappRiBand

t, 1H 3= 1.9 Hz), 7.41-7.37 (dt, 1H), 7.33-7.30 (dt,

pted tp, 196 °Ct AftgrP4 Iy thepglyed ipemovel wrley ducpgpresgroand the

4 - . - 4 =

12 e ol SRy oy e
) mL). To the Ttvguieas ddvod digger dupyddinatbpmmteTid 3 @ 7P8mingles) and the
e R R S
2008/ ABABLE PTIY WISR00 PR B5IB0d ovkf sodTiah e falb fiRereg.anio.

concentrated under reduced pressure. The residue is purified by column chromatography

using silica gel (340 g) eluting with a gradient of (0:100) Ethyl acetate: Hexane to (50:
50) Ethyl acetate: Hexane over 25 min. The second eluting diastereomer is collected and
the solvent removed under reduced pressure to give 595 mg of a mixture:

Preparation 32: the title compound, terz-butyl-(4S,6R)-4-(3-bromo-4-fluorophenyl)-4,6-
dimethyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate: MS (m/z): 417, 419 (M+1); and
Preparation 32a: N-((4S,6R)-4-(3-bromo-4-fluorophenyl)-4,6-dimethyl-5,6-dihydro-
4H-1,3-thiazin-2-yl)benzamide: MS (m/z) 421, 423 (M+1)

Preparation 33

(4S5)-4-(5-bromo-2,4-difluorophenyl)-4,6-dimethyl-5,6-dihydro-4H-1,3-thiazin-2-amine

S

F F
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w@Ge@ohadooww 71H NVR( CDC13, 400MHz) :

Chem cal nane Physical data 37a ethyl

4- ( 3- brono-4-fl uorophenyl) - 2- hydr oxypent - 4- enoate 7

6 7.59-7. 55P¢/Us1dp9/040589
7.32-7.27 (m 1H), 7.08-7.03 (m 1H), 5.33 (s, 1H)

5.20 (s, 1H), 4.26-4.20 (m 1H), 4.19-4.02 (m 2H)

2.96 (dd, J= 14.8, 4.8Hz), 248B0-2.73 (m 2H), 1.24 (t,

3H, J= 7.6Hz) 5Preparation 38 Ethyl

2- am no- 4- ( 3- bronophenyl) - 4- et hy1- 5, 6-di hydr o- 4H 1, 3-

t hi azi ne-6-carboxylate r 00 S NH2 To a solution of

et hyl Taa03Chplutiopdfdhty-aRinhydiSaxypedtd-diflemopitceyljBntang;ol

, . Y Vi
B A TR Y o1l SPANL bE s Gerta Py A5 aaied benzoyt
1Otheenytnavn( lidsg, d Rohmdlet)alr@pwiscaand the reaction is stirred for 1 h. The
trifluoronethanesul.foni c anhydride 30 .19 )
sl BT SRR e e BRRTl dud s Bl s Bohuscny
BlioxhmuiSesl.) ahth @amsfortod n@a théckswalled @thsaitcaddioCvEwel. 20 the mixture is
m, nut Thi our ea 59 34 2 equi.v) 1s
B P Rl Pk s drnde RO e B it o

A\b% ec. ﬁﬁemmt@f‘solvg_ﬂges Mb?w@dbﬁre@@e@ pRtsuat ad ﬂwn_efmqe is
reduced pressure. e resulting viscous orange oil is
tdheot Ve el The Mgl digpisdt perapgd r@ﬁ@&wfﬁ%@%ﬁm qpupQus phase
3¢k e(bhdic &/itMsNONABE aff extAOBA KRADErcAlods Brm:AA. Ghe M oroform:
m nutes, the mxture i s added drogyﬁse to a vigorously

dbA ph3sa s drigd evergpditmanlfye. fikrodang thy solgent ggmgyigd Bpdepfeduced
HEQdure AAHNd thOBR coNRoBRd.1 S added to enable stirring

upon solid formati on during the quench. The tan/orange
sol i dThaethylareete extrasyis fripd pyer pashinm THates §ltergd angl the sodveat

[ i ronfar h
Tl Rty icqq it Sl PTGy e Fos i R b sHtec
2Qdlibrsted SE€Xnmwitunmniviagied imgthusetichnel, fdllowed byielttieg with 2N NH; in

Lo Con: iy 3

e
agludemesstred Tharesidee I cephinat wolntheftitle trypoudd dimvtbe dhl¢r8form:

-branmophenyl) - 4- hyl -5 - di hydr o- 1
_If% ie)é%{%ﬂ%%% C%¥ek}%€§tltlea¥0ér}pouﬁcp asa m1¥(91re 0‘r4(|6_§ ahc? 6S) (4S)-4-(5-bromo-
2,4-difluorophenyl)-4,6-dimethyl-5,6-dihydro-4H-1,3-thiazin-2-amine. (64% yield, 80%

purity as determined by LCMS): MS (m/z): 335, 337 (M+1).

Preparation 34
tert-butyl (4S,6R)-4-(5-bromo-2,4-difluorophenyl)-4,6-dimethyl-5,6-dihydro-4H-1,3-

thiazin-2-ylcarbamate

S O
Brj@‘ﬁ\l\/)\NJ\Ok
H

F F

To a mixture of (6R and 6S) (45)-4-(5-bromo-2,4-difluorophenyl)-4,6-dimethyl-
5,6-dihydro-4H-1,3-thiazin-2-amine in THF (20 mL) and saturated aqueous sodium
bicarbonate (10 mL) is added di-fert-butyl dicarbonate (900 mg, 4.1 mmoles). After 2 h,
the reaction is diluted with water and extracted with dichloromethane. The organic phase

is dried over sodium sulfate, filtered, and concentrated under reduced pressure. The
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WO 2009/ 134617PCT/ US2009/ 040589 -47- Table 17 Prep.
No. Chem cal nane Physical data M5 (nfz) 38a ethyl

WQ2@oi1sus12- ( 3- br ono- 4- f | uor opheny1) - 4- PCT/US2009/040589

met hyl - 5, 6-di hydr o- 4H- 1, 3-t hi azi ne- 6- car boxyl at e8 375,

377 (M+l) 8 Racemi c di astereoners Preparation 39

Et hyl -43-

4- ( 3- bronophenyl) - 2- (tert-but oxycar bonyl am no) - 4- met hy
-5, 6-di hydro-4H 1, 3- 5t hi azi ne-6-car boxyl ate

To a suspension of ethyl

raivttrippurified big sidino pH ehing with pdingay Lragiedt ofi Hayaie ¢o Hdyang ethyl

.2zl nero- I 6

?é@ér%‘nf}f }) ovxél?% %ﬂ%{e@%ﬁ%s?co‘g& 8&tlﬂ%313£%@%{)7%{ 1506%18@6%% gfﬂtﬁl@&lvent

i caobahatier rfedBedrrkessus tagde dheditlet (JIB%t}yéld) a8 bofxatdds, 437

%Mﬁg g, 1034.0 mmol, 2 equiv). The mxture is stirred
60 h. The reaction is diluted with water and

extracted three tines vvith CH2C12. The organic | ayer

is dried over Na2504, glltereg%;} d concentrated under

reduced pressure to give "APHA The oil is

pyEsiored, doyinfdtash- (g@&ﬁmlmhryoﬁmns)grsa@myycﬁmm[I1 13¢tRiagial2-y1]-

(150 g) eluting with gradj ent of to 100% et hyl

acet at e/ hexane to glcﬁ@a?‘l?eactdltf’lté’“%’b??b%und as a mxture

of diastereoners (64% 15yield M5 (mz): 457, 459
(M+1) The fol | gd\ng co gura;d'n Table 18 is
prepared essentiallyN It éch preparation of

et hyl
4- ( 3- bronophenyl) - 2- (tert-but oxycar bonyl am no) - 4- net hy
1- 5, 6T0dil by &F soldtidnlyf 2ert-britalA i HL6R B4 RrbomophaiyB-4,6-Wiethyl-5,6-

2(191(}),% Z’&f q].%? Elazmg Zlcarl?/ng)a45bo 1?1%92 dlmethogyget%ha%e 1v§ater e%l?ainom& 1.5:
1), 12 mL] is added, in a single portion, pyrimidine-5-boronic acid (128mg, 5.9 mmoles,
2.5 equiv), bis(triphenylphosphine)palladium(II) chloride (29mg, 41 pmoles, 0.1 equiv)
and cesium carbonate (1.24 g, 1.24 mmoles, 3 equiv). After 20 minutes, the reaction is
cooled to ambient temperature, diluted with water, and extracted with dichloromethane.
The organic phase is dried over sodium sulfate, filtered, and concentrated under reduced
pressure. The residue is purified by silica gel flash column chromatography eluting with
a linear gradient of hexane to hexane: ethyl acetate (5:2) over 20 minutes to give the title

compound (39% yield): MS (m/z): 399 (M+1).

The following compounds in Table 14 are prepared essentially as described in the
preparation of [(4S,6R)-4,6-dimethyl-4-(3-pyrimidin-5-yl-phenyl)-5,6-dihydro-4H-
[1,3]thiazin-2-yl]-carbamic acid tert-butyl ester.
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Chem cal nane Physical data M5 (m z) 39a et hyl
4- (3-brono-4-fl uorophenyl)-2-(tert-

Wb i09s§4saT bonyl am no) - 4- et hyl - 5, 6- di hydr 0- 4H BCBUS2009/040589

t hi azi ne- 6- carboxyl ate9 475, 477 (M+l) 9 Racenic

di astereoners Preparation 40 (4S, 6S)-Et hyl

4- ( 3- bronophenyl) - 2- (tert-bugdxycar bonyl am no) - 4- et hy
1-5, 6-di hydro- 4H 1, 3-thi azi ne- 6- car boxyl at e

Et hyl

4- ( 3- bronophenyl) - 2- (tert-but oxycar bonyl am no) - 4- met hy
1-TebB-1di hydr 0o4H 1, 3-t hi azi ne-6-carboxylate (3.5 g. 7.7
mpol) is purified by chiral HPLC i n two st agefsPhysical data
( ColPtpnNOCh] ral cel Q1 8Ckembaldigmer| yent: 1: 3 (i@s o
alcohol : heptane); Flow. 400 10 mL/mn at UV 2 f’]
provi di ng cutt&%@@@I@SmRng(p&HMﬁ)1QQMMnant 3 then
peaks and i onal

chir apg'achr ofmat géﬂ‘iﬁ‘ﬁﬁ%ﬁ? ‘gﬁéﬂ 5@3}'5% ‘@d{jé]) xVANERY
Elluent 1: 9| (i sopr opyihiszlncphiehrbamstept ane); Flow. 400
mimn -at UV 240 nm) | solation of the secondl eluting
i domer provj dEEbEHEABOR)-4- (%6%19%5“éﬁ3tr’é‘?1d‘€05ncent ration
off thesfracti %ﬁoh@ﬁ}qﬁﬁ 6rd‘ﬁﬁéﬂ%ﬁd5 61&1%}3&9&?{ {34% i @isd(}v[ﬂ)
1% Prepar at +-) Tert

(45, 65) - 4- (B-br onopheﬁv@)néytqﬁsbdm@tﬁynet hyl ) - 4 met hyl -

R A LR I

reaction is marned to rqpn1&% ehature and stlrred for
4 h. The reaction nmixture Ps uenched wi th saturated
NHACLl. The IayerslaﬂmnséﬂamaﬂedlayUbQMQwaqueous | ayer
is extracted with ethyl acetate. The conbi ned organic
| ayers are washed with turate 5 agueous NaCl and
dri ed over Na2SO4. The ixxfiltered and
concentrated to give a lig ellowoil. The oil is
purified by colum chromatography on silica gel (120

T g oh flm?ﬁpﬁ&%h&f“gﬁR%?‘*’(%eo‘%’{”?te%%mﬁ%% Cb
40speifdeid 1) tetrahydrofuran (100 mL) and cooled to 0 °C. N-Butyllithium (2. 5M in

hexanes, 27.0 g, 97.7 mmoles, 39.2 mL, 1.3 equiv) is added slowly to the mixture via an

=

addition funnel. The resulting solution is stirred for 1 h at 0 °C. A solution of 3-
bromoacetophenone (15.0 g, 75.3 mmoles, 10.0 mL, 1.0 equiv) in tetrahydrofuran (50mL)
is added slowly via an addition funnel. The resulting mixture is warmed to room
temperature and stirred for 3 h. The reaction is cooled to 0°C and quenched with
saturated aqueous ammonium chloride solution. The layers are partitioned in a separatory
funnel and the aqueous phase is extracted with hexanes. The combined organic phase is
dried over anhydrous sodium sulfate, filtered, and allowed to stand overnight at room
temperature. The organic phase is decanted from a precipitate and concentrated under
reduced pressure. The resulting solid is diluted with hexanes and filtered. The precipitate
is washed with hexanes. The filtrate is concentrated and the resulting mixture is purified
by silica gel flash column chromatography (hexanes) to give the title compound (83%
yield): "HNMR (CDCls, 400MHz) & 7.59 (t, 1H, J=1.72 Hz), 7.40-7.36 (m, 2H), 7.18 (t,
1H, /=8 Hz), 5.36 (s, 1H), 5.12-5.10 (m, 1H), 2.13-3.11 (m, 3H).
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10Preparation 42 Tert-butyl
(45, 65) - 4- (3- bronophenyl) - 6- ( hydr oxynet hyl ) - 4- net hyl -

WQ 2ooditbusdiT 0- 4H 1, 3- t hi azi n- 2-yl car bamat e PCT/852009/040589

Tert - but yl

(45, 65) - 4- ( 3- bronophenyl) - 6- (hydr oxynet hyl ) - 4- net hyl -

, 6- di hydro-4H 1, 3-t hi azi n- 24%l carbamate (870 ng, 2 1
nmmol) is purified by HPLC chiral 15 separati on:
(Colum. Chiralpak AD 8 x 36 cmx 20 rim Eluent: 100%
3A ethyl alcohol; Flow 400 mL/mn at UV 250 nn). The
second eluting isonmer is isolated to provide the

o AR R Rt 1 Sy SRR o e
DOparbtiyn diel-brotmatdylprop-1-en-2-yl)benzene.
(415apf%51)5 6- (hydr oxymet hyI ) 4 met hyI 4-(3-(pyrimdin-5-y

1 "‘..Cﬂ"l) u 6 eh ||yU||u AHH1—3-thiaziA—2 yl carpatrate
]'Eir °0 N. A "s*, NNCBerp‘C%ldlaglello C sol ution ?hjfvswal data

(
E:—l-)mat erft - buz ysfon{o45ﬂﬁc5rb-44(p£o§ DEPIHPBERYIE) - 6-| See below®
oye

hiazin-2- |
yl R{ g ,;2Hz)7’36732(m 1H), 7.05
1, 24.ditd e l(fh) %O?nﬁ_)m (@t?%h%ll()@i)%mnﬂ)l) and
water (2.3 nL |s added pyrim di ne-5-boronic acid (112
ng, 0.90 mml es, 2.5 eq Wparaélels%m carbonate (353 nmy,

1. 08 mmmol ,

bis(tri phenyl gﬁgiéyﬁ %@E’g%]felng roximenhﬁglrl?aéee (25 nm,
0.036 mmol, 0.1 equi v% The|re 'dtlon is stirred at 110

C. After 20 m nut es, wixture is diluted
with Et 0OAc and H20. The ers are separated and the
aqueous phase -50- is extracted with Et0OAc. The

conbi hed sangamefc- bralyle{lsfha)r@4+ﬂprb1edl w@eyl)teozﬁnu mm foa2emmol,
fl et%{v grf aca%gltrcl(e)lalcﬁm 53’9%%%% ed e?h%’rlljclegx éj 37 mliel87
cru quei's pur| y co um ’c

sirhélea 3 @@lhlVXeElQ(oyMél@fd&rDﬁlﬂ)loﬁomeguaN@uIﬁlﬂtet h)tdra?.e Gdlm l]li?l d mmoles,

ekt 684 o Al Sl st T R B ng
tcondchieat@l @fdar @tlncod pRfsutctdnd diltied tith ldteyﬁyl ether The resulting
ity ol N D ara it g m R b Bidrapeodium
Taipdt€ filBrelr SR coNentréebitiideakditadBreRnps TE@ﬂemdue is purified via flash
column chromatography on silica gel (330g) in two batches using a gradient of 0-100%
cthyl acetate/hexanes to yield the title compound (87% yield): 'H NMR (CDCls, 400
MHz): 6 7.53 (t, 1H, J= 1.9 Hz), 7.41-7.37 (dt, 1H), 7.33-7.30 (dt, 1H), 7.18 (t, 1H, J =
7.6 Hz), 5.37 (s, 1H), 5.22 (s, 1H), 4.26-4.21 (m, 1H), 4.17-3.99(m, 2H), 2.99 (dd, J =
14.8, 4.8 Hz), 2.83-2.72 (m, 2H), 1.23 (t, 3H, J= 7.6 Hz).

The following compound in Table 16 is prepared essentially according to the

preparation of ethyl 4-(3-bromophenyl)-2-hydroxypent-4-enoate.
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data M5 (nmfz) 43a tert-butyl
(45, 65) - 4- ( 3- br onophenyl) - 6-

w@ bopdndseynet hyl ) - 4- met hyl - 5, 6-di hydr o- 4H 1, 3- t PCEHEB2009/040589

2-yl carbamate 415 (Mtl) Preparation 44 (+/-)
Tert-butyl (45,65)-4-(3

- br onophenyl) - 6- ( 2- hydr oxypr#¢pan-2 -yl)-4-nmethyl -5 | 6-
di hydro-4H 1,3 -thiazin-2 -ylc arb amate 15To a 0 C
solution of ethyl

2-am no- 4- ( 3- bronophenyl) - 4- met hyl - 5, 6- di hydr o- 4H
1,Bblehivazi ne- 6- carboxyl ate (250 ng, 0.55 mmol) in

t ePraph)driof uran (5.5 mQhenscahdaed net hyl nagnes| Bimsical data
chtortde (O 58—m—1+—+5 ol 32-eauiv)—After—15

mi nutes, laddmY GREOMERNFABRE A UREEE TS (D. 38 by
1,2 mol,| 2 equiv) is addedoat&fter 30 mi nutes,

r egeti-onmxtureis—quepched w-th-saturated—agueou

N BINMREC R OO HR 30 789 Ry | Ha Jeat o/ () faf B (m,
ar el fepaf &t &) arl @H@é‘qﬁ?e‘b%% . didrd 1548k iRt bed?Wddn/ =
et hif8: 488ZaPS0- 2% SRt Imdd . Hgdmi ’c®HZyer s are washed

w th saturated aqueous NaCl, dried over Na2504,
filtered, and concentr at®gpryiatien 33 educed pressure. The
C EHQ/F}EB%O%%—lbr%m@ﬁl{eh{rlb—gQnéi’l}[yl—%%—&@Hr&—h@f}?—hﬁ&ﬁ&%é’ar@&ylate
silirca gel (80 g) eluting wth a gradient of O to

-51- 100% et hyl acet at e/ hexanes (tf'o give the title
compound (26%vyield): M5 (m 0y 0443, 445 (M+l).

The foll ow ng compounds in Table 20 are prepared
essentially according to the p)?paration of (+/-)
tert-butyl Br N"NH,

(45, 65) - 4- (3- bronopheny1) (2- hydr oxypr opan-2-y1) - 4-

met hy1- 5, 6-di hydro-4H-1, 3-t hi azi n-2-yl carbamate. Tabl e
20 Pr ép a sPlotionGHethyt 413 -hmmwpRiny Bi2elaldrakapent-¥8nparg B)1 g, 17

mmoles) in acetonitrile (68 mL) is added 2,6-lutidine (2.19 g, 20.4 mmol, 1.2 equiv). The

reaction is cooled to 0 °C and trifluoromethanesulfonic anhydride (3.30 mL, 19.6 mmol,
1.15 equiv) is added dropwise over approximately 5 minutes. The mixture is stirred at

0 °C for 20 minutes. Thiourea (2.59 g, 34.0 mmol, 2 equiv) is added and the reaction is
warmed to room temperature. After 45 minutes, the mixture is concentrated under
reduced pressure. The resulting viscous orange oil is then added via large pipette to
stirring sulfuric acid (17.8 M, 8 mL) at room temperature. After 20 minutes, the mixture
is added dropwise to a vigorously stirring, 0 °C solution of K,COs (ca. 50 g) in 50 mL
H,0). Additional water is added to enable stirring upon solid formation during the
quench. The tan/orange solid is collected by filtration. The solid is allowed to dry on the
filter paper by a stream of air for 1 h to give the title compound as a mixture of

diastereomers which is used without further purification: MS (m/z): 357, 359 (M+1).

The following compound in Table 17 is prepared essentially as described in the
preparation of ethyl 2-amino-4-(3-bromophenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazine-

6-carboxylate.
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44a (+/-) tert-butyl
(45, 65) - 4-(3-brono-4-fl uorophenyl) - 6-

W@ 20004t8460K y pr opan- 2-y1) - 4- met hyl - 5, 6- di hydr o- 4PETPS2009/040589

thi azi n-2-yl carbamate 461, 463 (M+l) 44b tert-butyl
(45, 65) - 4- ( 3- bronophenyl) - 6- ( 2-

hydr oxypr opan- 2-y1) - 4- net hyl-45, 6- di hydro- 4H 1, 3-

thi azi n-2-yl carbanate 443, 445 (M+l) Preparation 45
10(+/-) Tert-butyl

(45, 65)-4-(4-fluoro-3-(pyrimdin-5-yl)phenyl)-6-(2-hyd
r dbeplsrldpan- 2-y1) -

44 et h1\<1 -5, 6-di hydro-4H 1, 3-t hi azi n- 2-yl car bariityecal dythl
, | Prep. a 100 C sol theBrrabranicer - but y| MS (m/2)
(45,65)-4 ( 3- bronp-4-fl uor ophenyl) - 6- ( 2-

hydr oxypr opaéthﬂ Adnhind-4ne tbiiydo- &fﬁo@bhﬁt@r)mr 4H- 1, 3-thi azi
n{2- y8xariba %1 1 2 i‘ 15 nmol es, -’e@uﬁﬂ)(Mﬂ)
1,2-di met|h ‘f ﬁ rﬂéhy(ldfg“ﬁi_ 3 H’&m\%/z?fcélfbof‘f’flaﬁ) are added
)ﬂrRa@hﬁiCra@fs{érekg%@m c acid (1.2 g, 9 6 mmol, 4 equiv),
bi s(tri phenyl phosphi ne)pal | adi un(11) chl ori de (508 ny,

0.723 mmol, 0.3 equiv), and cesi um carbonate (2. 369,
7.2 mmol, 3 equiv). AftcRrepmafipm39the nixture is

c
SRR SRR A MR AL ARSI ffan 1.
and wat er. The aqueousthighasé-cabogslateacted 3 tinmes with

Et OAc. The conbi ned organic prase is dried over sodium
sulfate, filtered, and concenlbrat ed under reduced

-52-
S O
Br A J\OJ<

N
H

To a suspension of ethyl 2-amino-4-(3-bromophenyl)-4-methyl-5,6-dihydro-4H-
1,3-thiazine-6-carboxylate (6.1 g, 17 mmol) in 1,4-dioxane (35 mL), water (18 mL), and
saturated aqueous sodium bicarbonate (18 mL) is added di-#-butyldicarbonate (7.42 g,
34.0 mmol, 2 equiv). The mixture is stirred for ca. 60 h. The reaction is diluted with
water and extracted three times with CH,Cl,. The organic layer is dried over Na;SOy,
filtered, and concentrated under reduced pressure to give a brown oil. The oil is purified
by flash column chromatography on silica gel (150 g) eluting with a gradient of 0 to
100% ethyl acetate/hexane to give the title compound as a mixture of diasterecomers (64%

yield): MS (m/z): 457, 459 (M+1)

The following compound in Table 18 is prepared essentially according to the
preparation of ethyl 4-(3-bromophenyl)-2-(tert-butoxycarbonylamino)-4-methyl-5,6-
dihydro-4H-1,3-thiazine-6-carboxylate.



pressure to yield the crude product. The crude residue
is purified by colum chromatography on silica gel (80
w@ooehseimg with EtOAc to yield: Preparation 4BCT/UR09/040589

title conpound, (460 ng, 41%yield): MS (nmz):

461

(M+l); and Preparation 45a: (+1-) 2445 ,65)-2
-am no-4-(4-fluoro-3 -(pyrimgdin-5 -yl)phenyl)-4-
5nmet hyl -5, 6-di hydro-4H 1, 3-t hi azi n- 6-yl ) propan- 2- ol

(145 ng): M5 (mz): 361 (Mtl). The foll ow ng

conmpounds

in Table 21 are prepared essentially according to the

prigplridti on of (+/-) tert-butyl

(45, 65)-4-(4-fluoro- 3- yr|n1d|n 5-yl) phenyl) t

hy @FExYprlopan- 2- y1) - 4- FBERPRLBMS. di hydr o- 4H- 1 3-&%%@55
n4{2-yl carjpamate. 10Table 21 Prep. No. Chemi cal n

6RI{yRical data

Physi cal data &y 1(4ni3 ZyroASB-f{ubtopherty®r 21-¢rbrat y |

R SR A R e L P TR

- th|a2|n-2 yIcarbammhghﬁ$4ﬁ¢bwha§945 c tert-

LAt R (M)
autyl

5 R'—'\\- -(’) h\/drny\/nrnnan 2- y;]) 4- npt h\/1 4-

(

(ﬂV@@ﬁF@Wﬁm§0m§ﬁ)pheny1) 5 , 6-di hydro- AH-1, 3
-thiazin-2 - ylcarbamate 443 (N%lé 10 Racenic
prepared and purified viBrep#niatign 48 hr omat ogr ap

Preparation

v

compound
hy

C G | i :
PRI QRS 4‘{?%?Jﬁ&bﬁgn@gir-?%-ggtyF&&%ﬁ%ﬂn%)ﬁﬁnemﬂ-5,6-d1hydro-

5 (45, 65) 4- (4-f 1 uor o48-I(pymdzmcdi-eprlHxylajpheny1) -

roxypropan-2-yl) - 4-
15met hyl - 5, 6-di hydr o- 4H 1, q)t@/a2|n 2-yl car ba

L Xk

Br SN NT O
H

6- (2- hyd

mat e

Ethyl 4-(3-bromophenyl)-2-(fert-butoxycarbonylamino)-4-methyl-5,6-dihydro-

4H-1,3-thiazine-6-carboxylate (3.5 g, 7.7 mmol) is purified by chiral H
(Column: Chiralcel OJ 8 x 32 cm; Eluent: 1 : 3 (3A alcohol : heptane);
10 mL/min at UV 240 nm), providing cut 1 containing peaks 1 and 2 of 3;
are further purified by additional chiral chromatography (Column: Chi

PLC in two stages:
Flow: 400

then peaks 1 and 2
ralcel OD 8 x 32

cm; FEluent 1 : 9 (isopropyl alcohol : heptane); Flow: 400 mL/min at UV 240 nm),

Isolation of the second eluting isomer provides the title compound after concentration of

the fractions under reduced pressure (14% yield).
15

Preparation 41

(+/-) Tert-butyl (4S,6S)-4-(3-bromophenyl)-6-(hydroxymethyl)-4-methyl-5,6-dihydro-

4H-1,3-thiazin-2-ylcarbamate

20 To a 0 °C solution of ethyl 4-(3-bromophenyl)-2-(tert-butoxycarbonylamino)-4-

methyl-5,6-dihydro-4H-1,3-thiazine-6-carboxylate (2.0 g, 4.4 mmol) in

tetrahydrofuran
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(+/-) Tert-butyl (4 S,6S)-4-(4-fluoro-3 -(pyrimdin-5
-yl )phenyl)-6-(2 - hydroxypropan-2 -yl)-4-nmethyl-5

WQ gooditbustlt 0- 4H 1, 3 -t hi azi n- 2-yl car bamat e (455PEUSOYOH0589

nmmol) is purified by HPLC chiral separation (Col um.
Chiralpak AD-H 2.1 x 25 cmx 5 20 rim Eluent: 20%

EtOH/ CO2; Flow. 70 nmL/m n at49dV 225 nn). The second
eluting -53- isomer is isolated to provide the
enantiomerically enriched title conpound (29%: M5

(mz): 461 (M+l). EXAMPLES S Exanple 1 (S)-4-(3

{§2mf.) yolratppel (@5 ml3 is added lithium borohydride (289 mg, 13.1 mmol, 3 equiv).
-yl Ypheny1) - 4- | -5 6-di hydr,o-
BT R EnBh ot s, KL AL
(@B¥nchied Bitlf 2tfrhtad NG i'Tthie thay8rs\ake) oparraryd dnddtheradulayls-1&ye6isdi

hydr o- 4H- -t hi.azi.,n- 2- am ne( 160 0.531 les) in
B ot a2 SRR S B M T e Sy
dyoxoanEaClZntidjieddved N&SOLh@h¢ madiire Gifilterodtand €orcsntadtddaagile a
o, stir at omte rature for, 4h. The sol yent | )
TR o ohe PL b peB e Ot RupEthréiosagy; o Yo seh (F20 9 asing
wasdieat 5EPeANET eyhyhdeftaitrytl 10 U celidtare cdngowid (g, Yyrater MS
&ﬁzzbmed ressure to give title 15 conpound (87%

) NE Mhil2) . 302 (MH1). Exanple 2 (S)-4-[3
-(5-Chloro-2 -fluoro-pyri din-3
-y1) - phenyl ] - 4-net hyl - 5, 6-di hydro-4H [1,3 ]thiazin-
2-yl ami ne” di hydr ochl ori d&epya8am42 pGs- E01268-074 C N

BRI Bty 2y .

di hydro-4H [1, 3]t hi azthigzm-2sylcarhareateyni de (430 ng, 11
ol e i G caty [ t I

(50 i) Terehd HSAGE e fimGLf 2 ok B (12 RARALS -
rdgrydioedtH -l 3etbrazin dyl caabh nateS3Q me, 2. Tiemdl pis ppuitiieed by HPLC chiral
I.Ssel ved | rali i h s e .
SPALNC L Eh BB BRI BF B bhOuE 30, 3y aiconor
Filapard® mhaseati$V d50 ed). Slhersesod cluimsisbhatiejsokhied tepredide the

AR GRRAETK 6T Sy RS B PP R o Gy P
col um chr omat ography eluting with ethyl acetate. The
Preparation 43
(+/-) Tert-butyl (4S,6S)-6-(hydroxymethyl)-4-methyl-4-(3-(pyrimidin-5-yl)phenyl)-5,6-
dihydro-4H-1,3-thiazin-2-ylcarbamate

OH
J F[ 3 Rk
Ny N/ H o

To a 110 °C solution of (+/-) tert-butyl (4S,6S)-4-(3-bromophenyl)-6-
(hydroxymethyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate (150 mg, 0.36
mmol) in 1,2-dimethoxyethane (4.5 mL), ethanol (1.5 mL), and water (2.3 mL) is added
pyrimidine-5-boronic acid (112 mg, 0.90 mmoles, 2.5 equiv), cesium carbonate (353 mg,
1.08 mmol, 3 equiv), and bis(triphenylphosphine)palladium(II) chloride (25 mg, 0.036
mmol, 0.1 equiv). The reaction is stirred at 110 °C. After 20 minutes, the reaction

mixture is diluted with EtOAc and H,O. The layers are separated and the aqueous phase
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-54- resulting amne is dissolved in dichloronethane
and HCl gas is bubbled through the solution for 30

WG wonsiw17 The sol vent is renoved under reducedP@r/ESX09/¢10589

to give the title compound (52%: M5 (mlz): 336 (Mtl).
5The foll ow ng conmpounds in Table 22 are prepared
essentially as described in-sthe preparation of (S)-4-
[3 -(5 -chloro-2 -fluoro-pyridin-3 -yl)-phenyl]
-4-met hyl -5 | 6-di hydrod4H-[ 1, 3] t hi azi n-2-yl am ne

di hydrochl ori de. Table 22 Ex. No. Chem cal nane
Pherstiacted wdbEEOAG ThelcpinbBied organic layers are dried over sodium sulfate,

[ h

it dodsopc et LeRl BRIGRS TR el AR o I
3@H1(1M6hbon¥htography on silica gel (5% MeOH/DCM) to give the title compound (29%

S) 1.4+ 4- d| 5-(3-fluoropyrazin-2-yl)phenyl)-4-
g’%@tﬁﬁyﬁz(%)ﬁ ogmdro 4H 1, 3-t hi azi n- 2- am ne
hydrochl oride” 339 (M+l) "Purified by reverse phase
prepa e HPLC. nethod A 10Exanple 5 . :
')y P 4 TRolSieic e Ty it B By sy oot faghe
Drpadiibiy 6 @+ Har b3 | 496 BB My Erox yrhlk NE-nthS1-Mi(3-(Pykintillin-5-
@il_)%henyl)—Sb—dihydroAH -1,3-thiazin-2-ylcarbamate.

Table 19
Physical
Prep. No. Chemical name data
MS (m/z)

tert-butyl (4S,6S)-4-(3-bromophenyl)-6-
43a (hydroxymethyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin- | 415 (M+1)

2-ylcarbamate

Preparation 44
(+/-) Tert-butyl (4S,6S)-4-(3-bromophenyl)-6-(2-hydroxypropan-2-yl)-4-methyl-5,6-
dihydro-4H-1,3-thiazin-2-ylcarbamate

OH

To a 0 °C solution of ethyl 2-amino-4-(3-bromophenyl)-4-methyl-5,6-dihydro-4H-
1,3-thiazine-6-carboxylate (250 mg, 0.55 mmol) in tetrahydrofuran (5.5 mL) is added
methylmagnesium chloride (0.58 mL, 1.75 mmol, 3.2 equiv). After 15 minutes,
additional methylmagnesium chloride (0.38 mL, 1.2 mmol, 2 equiv) is added. After 30
minutes, the reaction mixture is quenched with saturated aqueous NH4Cl and diluted with
ethyl acetate. The layers are separated and the aqueous layer is extracted with ethyl
acetate. The combined organic layers are washed with saturated aqueous NaCl, dried
over Na,SQy, filtered, and concentrated under reduced pressure. The crude residue is

purified by column chromatography on silica gel (80 g) eluting with a gradient of 0 to



FF.2HCI Into a solution of

(5)-[4-(2,4-difluoro-5-pyrimdin-5-yl-phenyl)-4-nethyl
WO 2084346%di hydr o- 4H-[ 1, 3] t hi azi n- 2- y1] - car bam BCHUB2009/040589

tert-butyl ester (263 ng, 625 !'noles) in

di chl oronet hane (15 nL) at anbient tenperature is

bubbl ed HC1 gas for 1 m nutesl-The reaction is seal ed

with a septumand stirred 18 h. The solvent is renoved

under reduced pressure to give the title conpound

(>95% Yield): M5 (mz): 321 (M+l). 20 The foll ow ng

d 6o ethytisceiate/Ratyice toGvathe tifhe eqapoadd E68eyitidal M§ (m/z): 443, 445

(Hdi ng to the preparation of
?@)Qr 4-(2,4-difluoro-5-pyrimdin-5-yl -phenyl) - 4-net hyl -
5, 6-di hydro-4H[ 1, 3]t hi azi n-2-yl am ne. Table 23 -55-

EXx. 1 cal Physi cal dat . 6 :

(5 - a bR oaPRE IR YRl Rl el Ml pgine o e
5  Drdpadiibey off (0 A [bhty3 |46 23 -BZebgienyie 6-@2-hydtoophipan-2de)-4-

30 1. 7 o

(ngﬁtah_yi-y%zglﬁq%ﬁg:%Q-W}w-glc?fbgmw._ pheny1l) - 4- et hyl -

5,1abiidoydr o- 4H-[ 1, 3] t hi azi n- 2-yl am ne di hydrochl ori de

303 (Mr1)] 8 . o Physical data
( SPsep- Nd- Fl uor o- 3- ( 2- f Chemwalpymiedi n- 3- y1) - phepyl] - 4-
net hyl - 5,|6- di hydr o- 4H[ 1, 3] t hi azi n- 2-yl ani ne S (m/z)

hydrochior 9§ Rr-2alty1 (M 69)-4-(3-bromo-4-fluorophenyl)-6-

44a (2-hydroxypropan-2-yl)-4-methyl-5,6-dihydro-4H-1,3- | 461, 463 (M+1)
thiazin-2-ylcarbamate

tert-butyl (4S,65)-4-(3-bromophenyl)-6-(2-

44b hydroxypropan-2-yl)-4-methyl-5,6-dihydro-4H-1,3- | 443, 445 (M+1)

thiazin-2-ylcarbamate

Preparation 45
10 (+/-) Tert-butyl (4S,6S)-4-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-6-(2-hydroxypropan-2-yl)-
4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate

OH

bk

To a 100 °C solution of zert-butyl (4S,6S)-4-(3-bromo-4-fluorophenyl)-6-(2-
hydroxypropan-2-yl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate (1.11 g, 2.41
15  mmoles, 1.0 equiv) in 1,2-dimethoxyethane (22 mL) and water (7 mL) are added
pyrimidine-5-boronic acid (1.2 g, 9.6 mmol, 4 equiv),
bis(triphenylphosphine)palladium(II) chloride (508 mg, 0.723 mmol, 0.3 equiv), and
cesium carbonate (2.36g, 7.2 mmol, 3 equiv). After 25 min, the mixture is cooled to
room temperature. The reaction mixture is diluted with EtOAc and partitioned between
20  EtOAc and water. The aqueous phase is extracted 3 times with EtOAc. The combined

organic phase is dried over sodium sulfate, filtered, and concentrated under reduced



9

(S)-4-(2,4-difluoro-5-(2-fluoropyridin-3-yl)phenyl)-4-
woreaobstB46%7 6- di hydr o- 4H 1, 3-t hi azi n- 2- am ne PCT/US2009/040589

hydrochl ori de 13 338 (M+1l) 10

(S)-4-(2-chloro-5-(5-chl oro-2-fluoropyridin-3-

yl ) phenyl) - 4- net hyl - 5, 6- di hysir-o- 4H 1, 3-t hi azi n- 2-

am ne hydrochl oridel 4 370, 372 (M1l) 11

(S)-4-(2,4-difluoro-5-(5-fluoropyridin-3-yl)phenyl)-4-

nmet hyl - 5, 6- di hydr o-4H 1, 3-t hi azi n- 2-am ne

ordsyude ohdld thedandd P8 A The ¢@de residue is purified by column

Ay PR B LR O T ael 3 303
(PIVbﬂa)raﬂ& 45t/ thg title compound, (460 mg, 41% yleld) MS (m/z): 461 (M+1); and

45 6 (
a8 TG Rpe e o R B et vt -+

5 ?DﬂEEhyQ-M-Bldlh}ﬂd% 4H-1,3-thiazin-6-yl)propan-2-ol, (145 mg) MS (m/z): 361 (M+1).

((45,65)-2-an1no-4-nethy1-4-(3-(pyrinidin-5-

yl ) phenyl) -5, 6-di hydr o- 4H 1, 3-t hi azi n- 6-yl ) met hano

315 ( hdfollowing compounds in Table 21 are prepared essentially according to the

preparation of (+/-) tert-butyl (4S,6S)-4-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-6-(2-

hydroxypropan-2-yl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate.

10 Table 21

Physical
Prep. No. Chemical name data
MS (m/z)

(+/-) tert-butyl (4S,6S)-6-(2-hydroxypropan-2-yl)-4-
45b methyl-4-(3-(pyrimidin-5-yl)phenyl)-5,6-dihydro-4H-1,3- | 443 (M+1)
thiazin-2-ylcarbamate'’
tert-butyl (4S,6S)-6-(2-hydroxypropan-2-yl)-4-methyl-4-
45¢ (3-(pyrimidin-5-yl)phenyl)-5,6-dihydro-4H-1,3-thiazin-2- | 443 (M+1)

ylcarbamate

1% Racemic compound prepared and purified via chiral chromatography conditions
described below in Preparation 45.
Preparation 46
Tert-butyl (4S,6S)-4-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-6-(2-hydroxypropan-2-yl)-4-
15 methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate

OH
N
z S O
%“‘EE*N*
H
F

(+/-) Tert-butyl (4S,6S)-4-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-6-(2-
hydroxypropan-2-yl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate (455 mg, 0.99
mmol) is purified by HPLC chiral separation (Column: Chiralpak AD-H 2.1 x 25cm x 5

20  um; Eluent: 20% EtOH/CO;; Flow: 70 mL/min at UV 225 nm). The second eluting
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15 (45, 6R)-4,6-di met hyl-4-(3-(pyrimdin-5-yl)phenyl)-
5, 6-di hydro-4H 1, 3-t hi azi n-2-am ne di hydrochl ori del 3

WQD9/(18461) WO 2009/ 134617PCT/ US2009/ 040589 - 5BCT/LB2009/040589

(4S, 6R)-4-(2,4-difluoro-5-(pyrimdin-5-yl)phenyl)-

4, 6-di net hy1-5, 6-di hydro-4H 1, 3-t hi azi n- 2- am ne

di hydrochl oridel 3 335 (M1) -43% (+/-)

2-((4S, 6S)-2-anm no-4-(4-fluoro-3-(pyrimdin-5-

yl ) phenyl) - 4- met hyl - 5, 6- di hydr o-4H 1, 3-t hi azi n- 6-

yl ) propan-2-ol 361 (M+l) 12 Purified by

ayopst alijalated to providedhe ereetiamriceliy eritdRuleicbinpelindy29%): MS
@ﬁggﬁﬁ Q%@fe preparative HPLC, nethod A 14 1M HCL in
é § nst ead of HCl(g) Exanple 18

5(S) - 4- Met hyl - 4- (3 pyri m di n-5-yl - phenyl) -5, 6- dlhydro-
4H[ 1, 3]t hi azi n-2 ylanln%ngﬁ%Eﬁgchlorlde

sol ution of

(S)-N-[4-Met hyl-4-(3-pyrimdin-5- yI phenyl)-5,6-dihydr
0-4H 1, 3] t hi azi n-2-y1] - ac tan1g g, 8.3 mmol es,
1.0 equiv) is stirred in ogen chlorlde (50 nm_,
25@)aB (2 SluodPy i3 W))pﬁényll)aom@hﬂ% 6-dinjdroldre 1 BamigLih-Qrumine
is cooled and the 10 vol atil es are renoved under
reduced pressure. The rE&diochifgdseli due i s di ssol ved

in water and extractedwi fFh et acetate. The aqueous
| sat Ur ajled aqueous sodi um

phase is neutralized

bi car bonat e and extractéd WINadebat e. The organic
phase is dried over sodiu | fatescifiltered, and
concentrat ed under é%gﬁ ed pressure to give resi.due

The r &8RaRBUGOH(P)-4- PG HR- %Y]%H’hef%‘g“ d’éqﬂ%’|615z?gdi%¥f’dé'4H'

Wessthedinvd-AHin8l Bythe, LY MiBoles) RETHF | 1 68 G€AddBd ¥ Shthrdted solution
15furt her washed Wi th ethyl "acetate containing eth

@é gt(%tnedlwe g_?om% ‘1“§o§r 87619 Feaatliqufglxt%@ allowed to sfir at room

temperature for 4h. The solvent is removed under reduced pressure. The resulting solid

is washed repeatedly with anhydrous ether and dried under reduced pressure to give title
compound (87% yield): MS (m/z): 302 (M+1).

Example 2
(S)-4-[3-(5-Chloro-2-fluoro-pyridin-3-yl)-phenyl]-4-methyl-5,6-dihydro-4H-[ 1,3 Jthiazin-
2-ylamine dihydrochloride
2785443, PG6-E01268-074

D fet

.2HCI
A solution of (S)-N-{4-[3-(5-Chloro-2-fluoro-pyridin-3-yl)-phenyl]-4-methyl-5,6-
dihydro-4H-[1,3]thiazin-2-yl}-acetamide (430 mg, 1.1 mmoles) in trifluoroacetic acid (50
mL) and methanol (50 mL) is stirred for 8 h at 60 °C. The solvent is removed under
reduced pressure. The residue is dissolved in water and neutralized with saturated
bicarbonate and extracted with ethyl acetate. The organic phase is dried over sodium
sulfate, filtered, and concentrated under reduced pressure to give a residue. The residue is

purified by silica gel flash column chromatography eluting with ethyl acetate. The
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10 % i sopropyl amne in ethyl acetate wash is
coll ected and the sol vent renoved under reduced

wWpe@sasuoel The resulting free am ne i s di ssol vRdI/US2089/040589

solution of 100 nmL of water containing 14 nmL of 1 N
HC1. The resulting solution is freeze dried to give
the title conpound (81%yvyiel-8): M5 (mz): 285 (M+l).
20 The foll ow ng conmpounds in Table 24 are
prepared essentially as described in the preparation
of (S)-4-nmethyl-4-(3 -pyrimdin-5

1gsuliipb emyik)is Sis®hdil mydicldomprethpie Siud]HHigay is rbulzolecwhmnfgh] the

' L de. / /
SLHGBE B SR A T RORAER s
IOmpound (52%): MS (m/z): 336 (M+1).
(S)-4-[3-(5-Methoxy-pyridin-3-yl)-phenyl]-4-nmethyl-5,6
- di hydro-4H[1, 3]t hiazin-2-ylam ne di hydrochl ori del 5
314 ( Whdfolld@ing compounds in Table 22 are prepared essentially as described in the

R PO SR ST LA RN L L AR TS

Sﬂﬂ 1(3Mhib)11n221ylamme dihydrochloride.
abe 84 fluoro-3-(pyrimdin-5-yl)phenyl)-4,6,6-trimet

h\ di h\/rlrn AH-1 _3-thiagzin-2-amnel6 ’2'21 (M:1) 15

Purlfled by crystalllzat!on.of the crude HCl saItP$¥%ﬁﬂ

21 gx%pEt hanol in acet oidfiéd Rame data
MS (m/z)

(S)-4-(4-fluoro-3-(3-fluoropyrazin-2-yl)phenyl)-4-methyl-
3 ) o ) 1 321(M+1)
5,6-dihydro-4H-1,3-thiazin-2-amine hydrochloride

(S)-4-(2,4-difluoro-5-(3-fluoropyrazin-2-yl)phenyl)-4-
4 : - : g | 339MED
methyl-5,6-dihydro-4H-1,3-thiazin-2-amine hydrochloride

" Purified by reverse phase preparative HPLC: method A

Example 5
(S)-4-(2,4-Difluoro-5-pyrimidin-5-yl-phenyl)-4-methyl-5,6-dihydro-4H-[ 1,3]thiazin-2-

ylamine

2HCI

Into a solution of (S)-[4-(2,4-difluoro-5-pyrimidin-5-yl-phenyl)-4-methyl-5,6-
dihydro-4H-[1,3]thiazin-2-yl]-carbamic acid fert-butyl ester (263 mg, 625 umoles) in
dichloromethane (15 mL) at ambient temperature is bubbled HCI gas for 1 minute. The
reaction is sealed with a septum and stirred 18 h. The solvent is removed under reduced

pressure to give the title compound (>95% Yield): MS (m/z): 321 (M+1).

The following compounds in Table 23 are prepared essentially according to the
preparation of (S)-4-(2,4-difluoro-5-pyrimidin-5-yl-phenyl)-4-methyl-5,6-dihydro-4H-
[1,3]thiazin-2-ylamine.

Table 23



16 Purified by HPLC, nethod A Exanple 22
5(45, 6R) - 4-(4-fluoro-3-(pyrimdin-5-yl)phenyl)-4, 6-di m

wW@rhwyh34616- di hydro- 4H 1, 3-t hi azi n-
di hydr ochl ori de

2-am ne
Into a 1:1 m xture of

PCT/US2009/040589

tert-butyl

(45, 6R)-4-(4-fluoro-3-(pyrimdin-5-yl)phenyl)-

4, 6-di net hyl -5, 6-di hydr o- 4H-45-3-t hi azi n- 2-yl car banat e
and N-( (45, 6R)-4-(3-brono-4-
fl uorophenyl) -4, 6-di net hy1-5, 6-di hydro-4H1, 3-thi azi n-

2-
at
m
st
pr
ar
dn
urn
N

yv1) ben

zanmi de (360 ng) in 10 dichl oronethan

e (10 nl)

ami g
it BO-

irred

nt tenperature is bubbled HC1 gas fo
The reaction Feemigdmagewi th a septun
18h. The solvent is renpbved under re

r Physical data

! a”ﬂg (m/z)

duce

essur €
1d extr
i ed oV
der re
A5 AR)

. (Fhe (4-Bmutot3-pgrimidBi- Hylephesy g sisaiyw-ed
acted wt th tate, The organ
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in water
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I

15, 6R)
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) the r
e reag
5 I enoV

H(SE2-Bluptr pyrimiging)-y bl et e td- o
esul t !mdih%bd@ﬁ[u,;jlth@a@gleﬂyﬁmmeml (3
tion is heated to 100 C for 2 h. The
ed under redudbulrpihiasilgre to give cr

resi due.
3 aid)
sol vent

ude title

C
aq
bi
a
st
pr
pr
RA
fl
[

Tpoun

carbon
cohol .
il f at e,

etate (wa

T f T he J i al
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filtered, and concentrated under reg
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essur g
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ow of

ocr ati
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é%ggg%?gcefgﬁitrifgh: (Q-1 %>ﬁC1 ?n
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| ) phen
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TR N R LT
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Exanpl e
yr i34% tvnl)s

gas is
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15, b5) -
)( 2- hyd

t (59 G(@Hluarcsdlyrazor2-phphery h H-moantl-Skiut

6- .. .. L B
r ot S ARL 35 e iy

|
Y 303 vy

m di n- 5-yl

vheny1)
J, » 07
ssul tin

- 5By @153 Pardinb - Beth 1 i-@Zipyrididi-sar

o e P i+ P et

bamate (33
d BhaM+l)
16h at

om t en
der reg
vebb

1 MeOH.

Per auyss)-2-hghoL£aethly PR (I petiki@nlss Cg
duced pressure and purified by passa
egupheny-aoetdex4iddi ithpzingt-yhiegens t

The resulting free base is

ncentr at ed

AP

15

(4S,6R)-4,6-dimethyl-4-(3-(pyrimidin-5-yl)phenyl)-

5,6-dihydro-4H-1,3-thiazin-2-amine dihydrochloride™

299 (M+1)
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15di ssol ved in MeOH and 1N HC1 in Et20 (appr ox.
5equiv) is added. The m xture is concentrated and

wW@onoemsqooT ated with Et20 twice to yield the tiRCBUS2009/040589

conmpound (87%vyield): M5 (mz): 343 (Mtl). Exanple 24
202 #45, 65)-2-am no-4-(4-fluoro-3 -(pyrimdin-5

-yl ) phenyl) - 4- net hyl -5, 6-di hy@dro-4H 1,3 -

thi azi n-6-yl)propan-2-ol NNH2 .2HCI A solution of
tert-butyl

(45, 65) - 6- (2- hydr oxypr opan-2-y1) - 4- net hyl - 4- ( 3-

(pyrim di n45,0R)-}hdnlylor&s Gpydinngidroylqedy!B- t|hi azi n- 2-y
| car bamgt e , (221 < 0..50 in trjf.] uorjoa '

adi a2 e SrEhelPrs By TRk AR da it or 80U R
The m xtlure i s added ditiydechlbsiddd a MeOH- equi|l i br at ed

SEX—eotygmm: Eh" €O urm—t-S—washed—w-th—MoH-{100r)—and
tthe produEti S5 Qi A ORIy R oonL). The
sol ut7 on i\@)pheneenidelyesl cuidaro-siedischtzRressiur 861 el)
residue|is diluted wth CH2Cl2 and HCL (g) i|s -59-
blbbl ed |t hr ough for SHRCPEHEC} eaction m xture is

C PP @I DY @By stafi-ati derrdh cctdnitlif_conpound (67. 5% yi el d):
VB3 b ki by 34k rs@%é]s)%preparative HPLA Neethdd A oW ng conmpound

I 4 TrRlhe iélgthhlsusg(g fResESFRSgentially as described in

t he Spreparation of

2- ((45, 65)-2-anm no-4-(4- ftiﬁ‘?ﬁlﬁé $g (pyri m di n-5-yl) pheny
1)-4- et hyl -5, 6-

di hifdrioMdthy1i4-G-phrinadinrf-Bl-phiciyd b paithydroadH-[ Tallieri2 8-ylamine
Ex. No. Chem cal nane Physgi ; M5 (mz) 25

2- ((45, 65) - 2- ani no- 4- (4-@*%02¢Cg?oglfdgpyri m di n- 5-yl ) pheny
1) -  Asolution of (S)-N-[4-Methyl-4-(3-pyrimidin-5-yl-phenyl)-5,6-dihydro-4H-

[1,3]thiazin-2-yl]-acetamide (2.7 g, 8.3 mmoles, 1.0 equiv) is stirred in SN hydrogen
chloride (50 mL, 250 mmoles, 30 equiv) at 100 °C for 2 h. The reaction is cooled and the
volatiles are removed under reduced pressure. The resulting residue is dissolved in water
and extracted with ethyl acetate. The aqueous phase is neutralized with saturated aqueous
sodium bicarbonate and extracted ethyl acetate. The organic phase is dried over sodium
sulfate, filtered, and concentrated under reduced pressure to give a residue. The residue is
filtered through a silica gel plug and washed with ethyl acetate. The silica gel plug is
further washed with ethyl acetate containing ethyl acetate and 10 % isopropyl amine. The
10 % isopropyl amine in ethyl acetate wash is collected and the solvent removed under
reduced pressure. The resulting free amine is dissolved in a solution of 100 mL of water
containing 14 mL of 1 N HCI. The resulting solution is freeze dried to give the title
compound (81% yield): MS (m/z): 285 (M+1).

The following compounds in Table 24 are prepared essentially as described in the
preparation of (S)-4-methyl-4-(3-pyrimidin-5-yl-phenyl)-5,6-dihydro-4H-[ 1,3 ]thiazin-2-
ylamine dihydrochloride.
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4- et hyl -5, 6-di hydr o-4H- 1, 3-t hi azi n- 6-yl ) propan- 2- ol
362 (M+1l) In vitro Assay Procedures: 10For in vitro

weewymsdoiT and cel | ul ar assays, test conpoundsPEFr/ES2009/040589

prepared in DMSO to nake up a 10 nM st ock sol ution.
The stock solution is serially diluted in DVBO to
obtain a ten-point dilution-gurve with final conpound
concentrations ranging from10 nMto 1 pMin a 96-wel |
round- bottom pl ate before conducting the in vitro
enzymati c and whole cell assays. 15ln vitro protease

i Nfablei24i on assays: BACE FRET Assay Seri al

difl utions of test conpounds are prepared as desc¢rPhadal
ab%v Conmpounds are fu ther d| I ut ed 20X in KH2PO4
buffer |Ten ul , of eac g"fufll oh is added to each
wel | on row A to H of a correspondl ng | ow pr otel MMS (m/z)

Al VA SR T aY

bl IIU: n” UTTU T l LIL) ) O W | II II AT UT O
(2° Mgl TarR T e R g 14 (M)
X1100, I|mo/ rdinyBeyare], Seiiskin Alwammlhﬁﬁachﬁld@m 01 EREt

suibst r at ; — L. J Neurochem str
91(6), 1249-%@)3 -Cadehyyy-pyriin-sahmbary - meiyEd nel | [ 3?11(@1)
pllate Shak@ﬂlyflt@r4kﬂ9£hmﬂne§-¥laﬁhfet d\%@n_chl&fldet Wp

hundr ed |pM hiiman BA asser al |

S¢i e 266:4-(F9Boma3 1y 1ig9E) - yl)phm@ Ag-pimethylf { gL, |
adde 1tc t he pl at5(=6(g1 g asaiss Ln%mand t est lé@ﬂ)
conpounds to |n|tiate the réaction. @e REU of the

m ' Punifeedaty chistlizatiérsoftiecamdbddiClatlt éomi 2-504 methaey ol aeergoilrile.
SSSHmmddbyé{ﬁIs{Smmoxd&vel ength 460nm after brief

m xing on a plate shaker. The reaction plate is

over ed wth al um num f oi Exaade RE2pt in a dark

TS Rty GO R im B T RESD e TP bbb ] e

sane excitation and ezﬁaﬁlﬁie@myaﬁfchlloﬂge The difference
of the RFU at ti the end of inc

repr eS¥nt &t st Oftfﬁé%&t& A9 ioRy4dt-Tiaaes- Ewat : dﬂeﬁﬁ)phenyb

thgiéfwl § b @ty dRIMH- ll?sﬁlahaglhfzf ﬁt’:aﬁﬁd&@ﬁe SN %S%R?d (Y%Foiﬁbﬂ-
i nhi bitor concentration and curve is fitted with a

filarop ey Rt @meﬂkybﬁétqﬂéydéqfhlét%ﬁla@@ ohhbsnrrRipe(3atas) in

ARG Saanang! émL) 2(‘[%%16%{ t@ﬂl@eraﬁ}e 1§Uoubblé}iqli(9'lr§s f&}qgmnute The
537-540 (2000 he conpounds exenpl i f herein

ViRacHort is s¢adadl velﬁsaeawium qngl sagecﬁb%lcifhecﬁ@aveamwoam@under reduced

%ﬁé@ét?é.t'fﬂ% r_@ﬁlltlngﬁ‘gs (YL% %’&sngedm nd eﬁ%[edtv&]ﬂl dﬂyl Behe.
e followng &xenplified conpounds were teste
dds erganigiphase asdrgd owerisbdidmabldate fHiertdesudichndeaiatedvender reduced

kLRI NBAELLNIRY 41 80 HAOED.TRA Gy RO RIS BT aro-art

1,3-thiazin-2-yl)benzamide as a residue. To the resulting residue is added 5 N HCI (5

data

mL) and the reaction is heated to 100 °C for 2 h. The solvent is removed under reduced
pressure to give crude title compound.

The aqueous phase from the initial ethyl acetate wash is neutralized with saturated
sodium bicarbonate and extracted with (3:1) CHCl;: isopropyl alcohol. The organic
phase is dried over sodium sulfate, filtered, and concentrated under reduced pressure.
This material is combined with the crude product and is purified by preparative HPLC:
Xterra® RP18 (30 x 300 mm) column at ambient temperature and a flow of 40 mL/min.

The elution system consists of an isocratic gradient of 0:100 (acetonitrile : (0.1 % HCl in
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21 867 15These data denonstrate that the conpounds of
Tabl e 26 inhibit purified reconbi nant BACE enzyne

W@Ra0oAt346y7 i n vitro. Expression of human BACE. PCT/US2009/040589

Human (accessi on nunber: AF190725) is cloned from

total brain cDNA by roomtenperature-PCR The

nucl eoti de sequences corresp#di ng to am no acid
sequences #1 20 to 460 are inserted into the cDNA
encodi ng human 1gG (Fc) pol ypeptide (Vassar et al

1999). This fusion protein of BACE(1l-460) and human
FFbO))rfanbd nhiy BACEe by a ligeae gradientfoane éIO:P@lfa@echieilpJ(de"A) HCl in

( " FC) i .
YEEL8 20 H RO ASEL b ASQIC g U NSRCEIERY 15 e

eamhmed)mitqoucdntratsd mdeectduget] mrﬁmem@n& thatitlcagbrkgpdut d(50%

Lter 3 l s.. Four days after the transfection,

1% iP@%ﬁ%%*%@ﬁﬁéﬁgre 25harvested for purification
-61- Purification of huBACE: Fc. huBACE: Fc i s
purified by Protein A chrgmat phy. The enzyne is
stored at - 80 Cin snallﬁ§WHagg? Wiol e cel
agsays((196S PEasHoING-fltdeo- Bmﬁyrmlﬂmmylgﬁheﬁe}an@&@[ 8l6aBIg/dro-
Activity S5HEK293Swe Whql e Ce The routine
whol e cel | assay fdg{ﬂﬁéhﬁ€5§d@@ﬁﬁﬁ?2dﬁ |nh|b|t|on of

bet a- se eta CtIVI (V4 e hu
ki dneyty e Ghioy % #eeg P (N e cEeEYQé%?) 6-
$b-BPdrYx Y aﬁ&%}l)ﬂgn@tﬂwmﬁ(@%%&a 5%%@1))05 &ldnya-4rne 3-

naturall occurring double mutation L $651Met 652 t o

Aiprgiss iw&a@e@atedé%%n@ 975clampléép digldorgsthpah(STolaned diergwiting
(nﬂ%{?e% k&'élsa%ﬁé ARRGF5Mh aﬁfb@nﬁ&’ﬁ attéf?é m&g Ed@&ﬁ;ﬂMﬁ&uﬁ@et a

Ctron, et al Nat ur e, 2
@pmqe@trmdsundéur@éw@ﬁrewwé pwaﬁ@l bya@ﬁﬁaae@mg 8d4GH+ he
lof Kk I

%gg@ﬁg%@ﬁ%@&%ﬁﬁﬁl \éfﬁfigl? N(}%OO%JJ Seu resultmg free base is
Nisselves] in 36&0H 2801 N HIDB) ELQurdpdahieguim) Weddkd. dhe anxture is

PoRE DA ST RpBTE T PD i R AR pb b6 et

M9 {raznBAY(MOD. i aL cul ture nedia, DMVEM contai ning 10%
FBS) are incubated at 37 Cfor 4 to 24 h in the
presence/ absence of inhibitors (diluted in DVMSO at
the desired concentrati onExadiplt be end of t he

[ [ con nedi.a are an

ARV Bring e - B S BB BT S B e iy agyan-1.5-
anal ysis of Abeta DEDHmﬁﬁﬁﬁyE@bﬁ&lﬁbEta peptldes

(Abeta 1-x) are 20 neasured by a sandw ch ELI SA, using
monocl onal 266 as a capture anthb®ty and biotinyl at ed
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the following activity for Abeta |lowering effect:




10

15

20

Tabl e 27 EXAMPLE HEK 293 Swe A-beta (1-40) ELISA | C50
(nM HEK 293 Swe A-beta (1-42) ELISA IC50 (nM 5 303

wWQ22®916885 480 12 1300 948 21 863 803 TPEBESHaY/G40589

denonstrate that the conpounds of Table 27 inhibit

nati ve endogenous 5hurman BACE in cells in vitro. PDAPP
Pri mary Neuronal Assay -5A confirmatory whol e cell
assay is also run in primary neuronal cultures
generated from PDAPP transgeni c enbryonic mce.

Primary cortical neurons are prepared from Enbryonic
balgblacbthRpgPFr émidr. y I reastor mittwre édconeengétedul divethativs

ety SR NI AR S Cul re detiiais

repl aced with serumfree DVEM F12 (1: 1) cont ai ni ng B27
suppl %Heepo'ilox%lr}l% cro]r%ggu% 3n H6te bg] %%?e%arecaj essentlally as described in the
preparation of 2-((4S,6S)-2-amino-4-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-4-methyl-5,6-
dihydro-4H-1,3-thiazin-6-yl)propan-2-ol.

Table 25
Physical
Ex.No. Chemical name data
MS (m/z)

2-((48S,6S5)-2-amino-4-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-
5 ( ) ( (py yDphenyl) 362 (M)
4-methyl-5,6-dihydro-4H-1,3-thiazin-6-yl)propan-2-ol

In vitro Assay Procedures:

For in vitro enzymatic and cellular assays, test compounds are prepared in DMSO
to make up a 10 mM stock solution. The stock solution is serially diluted in DMSO to
obtain a ten-point dilution curve with final compound concentrations ranging from 10
mM to 1 pM in a 96-well round-bottom plate before conducting the in vitro enzymatic

and whole cell assays.

In vitro protease inhibition assays:

BACE FRET Assay

Serial dilutions of test compounds are prepared as described above. Compounds
are further diluted 20X in KH,PO, buffer. Ten pL of each dilution is added to each well
on row A to H of a corresponding low protein binding black plate containing the reaction
mixture (25 pL of 50 mM KH,POs4, pH 4.6, | mM TRITON® X-100, Img/mL Bovine
Serum Albumin, and 15 uM of FRET substrate) (See Yang, et. al., J. Neurochemistry,
91(6) 1249-59 (2004)). The content is mixed well on a plate shaker for 10 minutes.
Fifteen uL of two hundred pM human BACE(1-460):Fc (See Vasser, et al., Science, 286,
735-741 (1999)) in the KH,PO, buffer is added to the plate containing substrate and test
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VSinRd)dr X Wb, adztsbasﬁ@ 00.ng activity for Abeta
?%év%/erl ng effect: Table 28 EXAIU%LE PDAPP.  Neur on A- bet a

(1- 40¥ hﬁqn@,@un@%emmedﬂ:mm% (s ceigily ay desersbed above and
Ekisited 7385, aM £ BA2E QftoderBar? BEME Hhe }418R%R: 4B pafted

compounds were tested essentially as described above and exhibited the following

activity for BACE:
Table 26
EXAMPLE BACE ICso(nM)
5 239
19 420
12 833
21 867

These data demonstrate that the compounds of Table 26 inhibit purified recombinant

BACE enzyme activity in vitro.

Expression of human BACE.

Human (accession number: AF190725) is cloned from total brain cDNA by room
temperature-PCR. The nucleotide sequences corresponding to amino acid sequences #1
to 460 are inserted into the cDNA encoding human IgG; (Fc) polypeptide (Vassar et al.
1999). This fusion protein of BACE(1-460) and human Fc, named #uBACE:Fc, is
constructed into the pJB02 vector. Human BACE(1-460):Fc (huBACE:Fc) is transiently
expressed in HEK293 cells. 250 ug cDNA of each construct is mixed with Fugene 6 and
added to 1 liter HEK293 cells. Four days after the transfection, conditioned media are

harvested for purification.
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355 429 These data denonstrate that the
conpounds of Table 28 inhibit native, endogenous

WGWPHAMS1IBACE in cells in vitro. I n vivo | nhi bPET/O582004/040589

Bet a- Secret ase Several aninmal nodels, including nouse,
gui nea pig, dog, and nonkey, nmay be used to screen for
i nhibition of beta- secretasel-activity in vivo
foll owi ng compound treatnent. Animals used in this

i nvention can be wild type, transgenic, or gene
knockout 10 animals. For exanple, the PDAPP nouse
nodel , prepared as degdrrbedli/mB&EFES. et al ., Nature
373, S
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compounds were tested essentially as described above and exhibited the following

activity for Abeta lowering effect:

Table 27
HEK 293 Swe A-beta (1-40) | HEK 293 Swe A-beta (1-42)
EXAMPLE ELISA ELISA
ICsy (nM) 1Cso (nM)
5 303 299
19 335 480
12 1300 948
21 363 303

These data demonstrate that the compounds of Table 27 inhibit native endogenous

5 human BACE in cells in vitro.

PDAPP Primary Neuronal Assay
A confirmatory whole cell assay is also run in primary neuronal cultures generated

from PDAPP transgenic embryonic mice. Primary cortical neurons are prepared from
Embryonic Day 16 PDAPP embryos and cultured in 96 well plates (15 x 10* cells/well in

10 DMEM/FI2 (1:1) plus 10% FBS). After 4-6 days in vitro, culture media is replaced with
serum free DMEM/F12 (1:1) containing B27 supplement and neurons are incubated at
37 °C for 24 h in the presence/absence of inhibitors (diluted in DMSO) at the desired
concentration. At the end of the incubation, conditioned media are analyzed for evidence
of beta-secretase activity, for example, by analysis of Abeta peptides. Total Abeta

15  peptides (Abeta 1-x) are measured by a sandwich ELISA, using monoclonal 266 as a
capture antibody and biotinylated 3D6 as reporting antibody. Alternatively, Abeta 1-40
and Abeta 1-42 peptides are measured by a sandwich ELISA, using monoclonal 2G3 as a
capture antibody for Abeta 1-40, and monoclonal 21F12 as a capture antibody for Abeta
1-42. Both Abeta 1-40 and Abeta 1-42 ELISAs use biotinylated 3D6 as the reporting

20  antibody. The concentration of Abeta released in the conditioned media following the
compound treatment corresponds to the activity of BACE under such conditions. The 10-
point inhibition curve is plotted and fitted with the four-parameter logistic equation to

obtain the ECsg and 1Csg values for the Abeta-lowering effect. The following exemplified
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compounds were tested essentially as described above and exhibited the following

activity for Abeta lowering effect:

Table 28
PDAPP Neuron A-beta (1-40) | PDAPP Neuron A-beta (1-42)
EXAMPLE ELISA ELISA
I1Cso (nM) ICso (nM)
5 102 94.7
19 288 214
12 658 648
21 355 429

These data demonstrate that the compounds of Table 28 inhibit native, endogenous

5 murine BACE in cells in vitro.

In vivo Inhibition of Beta-Secretase

Several animal models, including mouse, guinea pig, dog, and monkey, may be
used to screen for inhibition of beta- secretase activity in vivo following compound
treatment. Animals used in this invention can be wild type, transgenic, or gene knockout

10  animals. For example, the PDAPP mouse model, prepared as described in Games et al.,
Nature 373, 523-527 (1995), and other non-transgenic or gene knockout animals are
useful to analyze in vivo inhibition of Abeta and sAPPbeta production in the presence of
inhibitory compounds. Generally, 2 to 12 month old PDAPP mice, gene knockout mice
or non-transgenic animals are administered compound formulated in vehicles, such as

15  corn oil, cyclodextran, phosphate buffers, PHARMASOLVE®), or other suitable vehicles.
One to twenty-four hours following the administration of compound, animals are
sacrificed, and brains as well as cerebrospinal fluid and plasma are removed for analysis
of Abetas, C99 and sAPP fragments. (See Dovey, et al., Journal of Neurochemistry, 76,
173-181 (2001); and Johnson-Wood, et al., Proc. Natl. Acad. Sci. USA, 94, 1550-1555

20 (1997)).

For standard efficacy studies, animals are dosed with various concentrations of

compound and compared to a vehicle-treated control group dosed at the same time. For
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some time course studies, brain tissue, plasma or cerebrospinal fluid is obtained from
selected animals, beginning at time 0 to establish a baseline. Compound is administered
to other groups and sacrificed at various times after dosing. Brain tissue, plasma or
cerebrospinal fluid is obtained from selected animals and analyzed for the presence of
APP cleavage products, including Abeta peptides, sAPPbeta and other APP fragments,
for example, by specific sandwich ELISA assays. At the end of the test period, animals
are sacrificed and brain tissues, plasma or cerebrospinal fluid are analyzed for the
presence of Abeta peptides, C99 and sAPPbeta. Brain tissues of APP transgenic animals

are also analyzed for the amount of beta-amyloid plaques following compound treatment.

Animals (PDAPP or other APP transgenic or non-transgenic mice) administered
an inhibitory compound may demonstrate the reduction of Abeta or sAPPbeta in brain
tissues, plasma or cerebrospinal fluids and decrease of beta amyloid plaques in brain
tissue, as compared with vehicle-treated controls or Time Zero controls. For example, 3
hours after administration of 100 mg/kg sub-cutaneous dose of the compound of example
19 to young male PDAPP mice, Abeta 1-x peptide, C99 and sAPPD levels are reduced
approximately 30%, 50% and 20% in brain cortex, respectively, compared to vehicle-
treated mice. Similarly, 3 hours after administration of a 30 mg/kg sub-cutancous dose of
the compound of example 5 to young male PDAPP mice, Abeta 1-x peptide, C99 and
SAPPD levels are reduced approximately 50%, 45% and 30%, respectively, compared to
vehicle-treated mice. Consistent with changes in brain Abeta, C99 and sAPPb, 3 hours
after oral administration of a 10 mg/kg dose of the compound of example 5, plasma and

CSF Abeta 1-x levels are reduced by approximately 50% and 60%, respectively.
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A compound exemplified in WO 2007/049532 and its enantiomers were tested as

essentially described in the above assays and exhibit the following activities:

Table 2917

HCI

HEK HEK PDAPP | PDAPP
293 Swe | 293 Swe | Neuron | Neuron

Structure BACE A-beta A-beta A-beta A-beta

(1-40) (1-42) (1-40) (1-42)

ELISA ELISA ELISA | ELISA

116,000 | 21,400 35,300
HCI
e
SLa
O 28,000 13,200 16,400 7,820 10,400
HCI
>100,00
0 16,500 23,700 28,100 46,800

17 All data in Table 29 are reported as ICso (nM).

The compounds of the present invention are preferably formulated as

pharmaceutical compositions administered by a variety of routes. Most preferably, such

compounds are for oral administration. Such pharmaceutical compositions and processes

for preparing same are well known in the art. See, e.g., Remington: The Science and

Practice of Pharmacy (A. Gennaro, et. al., eds., 19" ed., Mack Publishing Co., 1995).
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compound of Forrmula I: 5
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2 where: nis 0, 1, or 2; RlL is pyrimdinyl,
pyrazi nyl optionally substituted with chloro or

wo bawonde1or 10pyri di nyl optionally substitut edP@i/UR20091€40589

or two sub stituents each independently selected from
chloro, fluoro, and Cl1-C3 al koxy; R2 is at each
i nstance i ndependently sel ected fromchloro or fluoro;
R3 is hydrogen or Cl-C4 al kyl optionally substituted
with hydroxy; and R4 is hydrogen or C1-C3 al kyl; 15or
a pharmaceutically acceptable salt thereof 2. A
dBepbund of A aiml1 wherein RL is pyrimdinyl,
pyri di ny agg%h&y@hhxmgHQStituted one or two tines at
each instance | ndependently selected from chl oro,
fluoro, or methoxy, or pyrazinyl optionally
substituted with fluoro; R2 2Q is ghloro or fluoro; R3
i s hydrogen, nethyl, nmethyl $ksyRtuted with hydroxy,
or iso-propyl substituted with-fiydroxy; R4 is
hydrogen; and n is 0ll 1 or 2 pharmaceutical ly
acceptabl e salt theReQf 2 AstQnpeund of any of C ains
1to 2 wherein RLis p di Ay, p)h”l"ﬁinyl
250ptionally substitute h~fPuoro, or pyrazinyl
optionally substituted w bLuoro; R2 is fluoro; R3
i s hydrogen or nethyl; R4 15 ydrogen; and nis 1 or
2; or a pharmaceutically aCCﬁgtable salt thereof -68-
4. A conmpound of any of d ai 1 to 3 wherein RL is
pyrimdinyl, R2is fluoro, R3 is hydrogen, R4 is
hydrogen, and n is 2, or a pharmaceutically acceptable
salt thefsEf 5. A conmpound of any of Clains 1 to 4
wher ei n tihg, cend.i guration of the chiral center
adj acent_to the nitrogen of the amnothiazine is (S),
or a phdy reRERifiEsl Pyrazed eptiesile swatitted athghlora gy fgioro, or
The ¢ 0”%9H@iﬂyl optionally substituted with one or two substituents each
4-(2,4-‘|fluoro-5-%pyr|n1d|n-5- | ) phen é%-4-nethyl-5,6
- di hydrigdengpdentty selerigd framxhlese, rfﬁ‘.oroa andlé 3 gkoxy;
phar Ma.C guL{ ﬁ%hélﬁfm%ﬁg H{d@&lnﬁerﬁ@l El,e&t@@fr&ﬁfchlzro & ffﬁgf'&)ound
of Claim6 wherein the conpouné IS
(S)-4-( :Rf 4s Thididggn poCEC, alkyl optionally substituted with hydroxy; and
(pyriniqugﬁﬂmkkggpexé)aﬁﬂnethyI-5,6-dihydro-4FL1,3-th
i azi n-2-am ne. ’

or a pharmaceutically acceptable salt thereof.

2. A compound of Claim 1 wherein R' is pyrimidinyl, pyridinyl optionally
substituted one or two times at each instance independently selected from
chloro, fluoro, or methoxy, or pyrazinyl optionally substituted with fluoro; R
is chloro or fluoro; R? is hydrogen, methyl, methyl substituted with hydroxy,
or iso-propyl substituted with hydroxy; R* is hydrogen; and nis 0, 1 or 2; or a

pharmaceutically acceptable salt thereof.

3. A compound of any of Claims 1 to 2 wherein R' is pyrimidinyl, pyridinyl
optionally substituted with fluoro, or pyrazinyl optionally substituted with
fluoro; R? is fluoro; R? is hydrogen or methyl; R* is hydrogen; and n is 1 or 2;

or a pharmaceutically acceptable salt thereof.



ri Ns N eLNH2 CH3 20FF or a pharnmaceutically acceptable

salt thereof 8. A pharmaceutical fornulation
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pharmaceutically acceptable salt thereof, in

conmbination wth a 25pharnmaceutically acceptable

carrier, diluent, or excipieét-. -69- 9. A

compound of any of Clains 1 to 7 for use in therapy.

10. A compound of any of Clainms 1 to 7 for use in the

treatment of Al zheiner's 5disease.

4. A compound of any of Claims 1 to 3 wherein R' is pyrimidinyl, R? is fluoro,
R* is hydrogen, R is hydrogen, and n is 2, or a pharmaceutically acceptable

salt thereof.

5. A compound of any of Claims 1 to 4 wherein the configuration of the chiral
center adjacent to the nitrogen of the aminothiazine is (S), or a

pharmaceutically acceptable salt thereof.

10
6. The compound 4-(2,4-difluoro-5-(pyrimidin-5-yl)phenyl)-4-methyl-5,6-
dihydro-4H-1,3-thiazin-2-amine:

15 or a pharmaceutically acceptable salt thereof.

7. A compound of Claim 6 wherein the compound is (S)-4-(2,4-difluoro-5-
(pyrimidin-5-yl)phenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-amine:

S
E\I\J\NHZ
CH,

20 F ;

or a pharmaceutically acceptable salt thereof.

8. A pharmaceutical formulation comprising a compound of any of Claims 1 to
7, or a pharmaceutically acceptable salt thereof, in combination with a

25 pharmaceutically acceptable carrier, diluent, or excipient.
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9. A compound of any of Claims 1 to 7 for use in therapy.

10. A compound of any of Claims 1 to 7 for use in the treatment of Alzheimer’s

disease.



